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SM Core Capabilities

Spectrum Mill provides modules for complete analysis of proteomic LC-MS/MS data, including:
• Spectral pre-processing

• directly from instrument vendor format files: Thermo Fisher, Agilent
• Identification of peptide spectrum matches - PSMs by database search.

• PSM scoring capitalizes on low ppm product ion mass accuracies with fragment-ion type models optimized for 
orbitrap HCD, qToF-CID, ion trap CID, and ETD / ETHCD  dissociation methods

• PTM-site localization
• for phosphorylation, acetylation, and ubiquitylation with multi-sample site-level consolidation that handles 

localization ambiguity
• TMT-10, 11, 16, 18 / iTRAQ 4 reporter ion based quantitation

• with PSM-level isotope correction and precursor ion purity filtering, and sample-level normalization
• Protein-level assembly of PSMs

• with attention to isoform-specific and species-specific peptides
• Quality metric calculation/reporting

• for MS acquisition, chromatography, spectral interpretation and FDR, digestion efficiency, PTM enrichment, and label 
incorporation

• Automation on an SM server through a service request manager 
• maximizes use of all CPUs, queues and processes tasks for multiple users via workflows with stored parameters 
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Topics Covered

• Spectrum Mill architecture – program, files, workflow

• Configuring Extraction, MS/MS search, modifications

• PSM Scoring

• Phosphosite Localization

• Methods to control false discovery rates (FDR) of MS/MS search results

• Collapsing Peptide Spectrum Matches (PSM’s) for Quantitation

• Protein, Phosphosite levels

• Autovalidation

False Discovery Rates (FDR) at the PSM, peptide, and protein levels.

• Quantitation features

• Reporter Ion Correction Factors

• Automation – SRM, workflows

• Quality Metrics

• Process Report

• Future Directions
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SM servers at Broad Institute

EldoradoManzanoCibola
24 CPUs 2.0 GHz

56 GB RAM

36 CPUs 2.0 GHz

24 GB RAM

24 CPUs 2.0 GHz

56 GB RAM

Jurkat QC HLA - Immunopeptidomics
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Status of all SM servers at Broad Institute

108 CPUs

Grinding 

out PSMs
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Spectrum Mill Workflow
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*.RAW
*.d
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Protein-VM site
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Protein-Peptide
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reporterIon.correction.txt

Quality Metrics
FDR

MS acquisition
chromatography

spectral interpretation
digestion efficiency

PTM enrichment
label incorporation

Quality

Metrics

*.mzXML

specFeatures.1.tsv

proteinProteinCentricColumnsExport.1.ssv
proteinProteinCentricColumnsExport.SGT.1.ssv
proteinProteinCentricColumnsExport.SGS.1.ssv

proteinPeptideComparisonColumnsExport.VM.1.ssv
proteinPeptideComparisonColumnsExport.S.1.ssv

peptideExport.CS.1.ssv
PSMexport.1.ssv

hitTable.1.tsv
spectrumTable.1.tsv

tagSummary.1.tsv

proteinProteinCentricColumnsExport.SGT.1-ratio-normMedianMAD.gct
proteinProteinCentricColumnsExport.SGS.1-ratio-normMedianMAD.gct

proteinPeptideComparisonColumnsExport.VM.1-ratio-normMedianMAD.gct
proteinPeptideComparisonColumnsExport.S.1-ratio-normMedianMAD.gct

qualityMetricsExportDir.1.ssv
qualityMetricsExportFile.1.ssv
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Use Windows Explorer to Move data files to the SM server

At Broad Institute

• Nightly, data files backed up from instrument 

to archive server.

• Following extraction, raw data files 

automatically deleted from SM server, 

replaced by shortcut.

(\\iron) K:
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Maintaining Available SM Server Disk Space for Active Data Analysis

Idle Datasets

Migrate to:

\\iron/proteomics_storage_slow/A_SpectrumMill
Older (read-only access)

\\iron/proteomics_active_archive/SpectrumMill_archive

\\iron/proteomics_inactive_archive/SpectrumMill_archive

Stale .RAW files

Delete &leave behind a placeholder

User can tell what was once there

stale

fresh

Don’t ask,

Don’t tell,

Just do it

Might Ask,

Tell via Slack
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Configuring an Extraction

• Convert to .mzXML
• Filter out low quality MS/MS
• Extract reporter ion intensities

Thermo Fisher

Instruments

• Calculate precursor ion XIC’s 
• Correct precursor monisotopic m/z assignments

• Merge replicate MS/MS from 
same chromatographic peak

Agilent

Instruments
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Configuring an MS/MS Search
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Fixed, Mix and Variable Modifications

Fixed

Redefine the wild type as

Mix

TMT 10 full Lys only mix

Search in 2 cycles

Cycle 1: all K , and Nterm TMT10 labeled

Cycle 2: all K TMT10 labeled, Nterm unlabeled

TMT 10 partial mix

Search in 4 cycles

Cycle 1: unlabeled

Cycle 2: all K , and Nterm TMT10 labeled

Cycle 3: all K , and Nterm unlabeled

Cycle 4: all K unlabeled, Nterm TMT10 labeled

Variable

Allow

2 possibilities

for an AA.

Allow both

in 1 spectrum

if more than one

location/AA. 

Overlabeled

(TMT on S,T,Y

only when 

Peptide

Contains His)

smaller search space



12

Database Search: General Considerations

• Choice of database
• reference vs. personalized  + contams + non Canonical ORFs + tagged bait protein

• reference proteome (UniProt, RefSeq, Ensembl, Gencode)
• decoy databases – estimation of false discovery rate

• Choice of enzyme
• full vs. partial enzyme specificity, no enzyme for immunopeptidomics

• Choice of fixed and variable modifications
• fixed modifications: target AA always considered as modified
• variable modifications: target AA may or may not be modified
• expansion of search space!

• Precursor ion (peptide) mass tolerance
• depends on the measurement mass accuracy
• lower tolerance decreases search space (fewer candidate masses)
• higher tolerance helps FDR statistics, requires post-search tolerance filtering (3 std dev of mean)

• MS/MS fragment ion mass tolerence
• may not be the same as precursor mass tolerance (hybrid instruments)
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Key Features of Spectrum Mill Database Searching with MS/MS Spectra

• Scoring specific to instrument types, dissociation modes
• Ion types allowed and scoring weights
• On board peak detection (de-isotoping, S/N thresholding, fragment z assignment).

• Product ion mass tolerance in ppm or Da.
• Spectra grouped in batches of similar precursor m/z, z for fast precursor mass filtering.
• Target-decoy FDR accomplished by on-the-fly peptide inner reversal

• SAMPLER becomes SELPMAR
• Search time is only ~1.5x as long as a target only database, instead of 2x for a 

concatenated forward/reverse database. 1x digestion of all proteins, 1x precursor mass 
filtering of all peptides, 2x MS/MS matching of every sequence (fwd & rev) 

• Search results do not comingle target and decoy hits.
• For each PSM report top target hit, and delta Fwd – Rev score of top decoy hit
• A false positive PSM had delta Fwd-Rev < 0. (Top Decoy hit has higher score)

• Multiple cycles for fixed/mix modifications or unknown charge, with combined single result.
• Variable modifications constrained by precursor mass shift, not by # of mods/peptide.
• Second pass search possible with leftover spectra from 1st pass.
• Homology modes available

• Unassigned single mass gap
• Allow single mutation per peptide
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PSM Scoring
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MS/MS Search Engines: look up answer in back of book

Experimental MS/MS 

spectrum

Protein Sequence 

Database

ISLLDAQSAPLR

VVEELCPTPEGK

DLLLQWCWENGK

ECDVVSNTIIAEK

GDAVFVIDALNR

VPTPNVSVVDLTNR

SYLFCMENSAEK

PEQSDLRSWTAK

200 400 600 80010001200
m/z

200 400 600 800 1000 1200
m/z

correlate

similarity score

Model MS/MS

spectrum

• Find best matching database peptide

• Can miss unanticipated modifications

• post-translational, sample handling

• Determine peptide FDR by searching reversed DB

Algorithms:  Mascot, Sequest, MaxQuant, Spectrum Mill, MSGF+, MSFragger, PEAKS, X-Tandem…  
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PSM scoring considerations
• Signal pre-processing

• deisotoping, fragment charge assignment, noise removal

• Fragment ion types allowed and relative scoring weights

• b/y, neutral loss (-H2O, -NH3, -H3PO4), internal, immonium

• specific to instrument dissociation method (HCD, CID, ETD)

• Peak intensity

• Contribute to score or just peak detection

• Intensity used in model spectra (fragment ion type, mass range)

• Fragment mass tolerance units appropriate to mass analyzer

• Da (ion trap, quadrupole), ppm (Orbitrap, ToF)

• Use of secondary scores

• Gap between rank1 rank2 peptide

• Sequence coverage of peptide

• Unexplained peaks in spectrum

• Ion series continuity

• Size of database may effect score
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Spectrum Mill Scoring of MS/MS Interpretations

Peak Selection: De-Isotoping, S/N thresholding,

Parent - neutral removal, Charge assignment

Match to Database Candidate Sequences

Score

=

Assignment Bonus

(Ion Type Weighted)

+

Marker Ion Bonus

(Ion Type Weighted)

-

Non-assignment Penalty

(Intensity Weighted)

11.52 

81.5%

80.3%

SPI (%)

Scored Peak Intensity

PIP(%)

Precursor Ion Purity

(R)I/S|F/D/E/F/I/K(I)
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PSM Identification Scoring – Andromeda, MaxQuant

Peak selection assumptions
• Expects to use same # of peaks for each 100 Da region of spectrum
• Tall and short peak intensities equally diagnostic
• All regions of spectrum treated as equally likely

• multiply charged fragments below precursor 
• some 100-300 m/z values not possible, di-pep AA combinations

• Tolerance in Da, not ppm

Scoring
• Scoring implies +/- 0.5 Da fragment tolerance

• Matches separately constrained by user specified ppm or Da 
fragment tolerance

• Scoring implies all ion types have same value 
• All ion types used for scoring

Final score optimizes
• # of highest intensity peaks used per 100 m/z 
• Inclusion/exclusion of  neutral loss ion types

Cox J, Neuhauser N, Michalski A, Scheltema RA, Olsen JV, Mann M,
J. Proteome Res. 2011, 10, 1794–1805.

Karl’s take: Effective score, despite some awkward assumptions made to 
squeeze MS/MS interpretation into a binomial probability framework 
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Example HCD MS/MS of range of scoring challenges

Extensive Internal ions
S M/P W-N-V\D-T-L

S R A P V F\L|Q|F

This peptide with no basic residues and a singly charged precursor 

ion fragments to yield mostly internal sequence ions.

This peptide fragments to yield many different ion types, but they 

are derived from only 3 positions along the peptide backbone.

Low Sequence Coverage
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Key aspects of Spectrum Mill DB-search scoring revisions for HLA peptides

Added PSM quality threshold separate from primary score:

Minimum Backbone Cleavage Score (BCS) of 5

• Enforces uniformly higher minimum sequence coverage for each PSM, at least 4 

or 5 residues of unambiguous sequence.

• Decreases false-positives associated with PSMs having fragmentation in a limited 

portion of the peptide that yield multiple ion types.

• BCS is a sequence coverage metric. The score is 1 or 0 for cleavage between 

adjacent AA’s in the sequence (max score is peptide length-1). To receive a score, 

cleavage of the peptide backbone must be supported by presence of a primary ion 

type for HCD: b, y, or internal ion C-terminus (i.e. if the internal ion is for PWN 

then BCS is credited only for the backbone bond after the N).

BCS Example (top spectrum)

BCS: 6 / : y7 \ : b6 ion -: internal ions (PW, PWN, PWNVD, PWNVDT)

Enabled additional internal ion types: neutral loss of  NH3, H2O, and CO.

• Minimal bonus score (10% of the score of b or y ions) for presence accompanying 

an internal b-ion (75% of the score of b or y-ions).

• Prevents intensity-based penalty score when the ion types are not enabled.

S M/P W-N-V\D-T-L
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Search Space Expansion for Identification of Variably Modified Peptides

• Modifications alter the mass of the 
corresponding protein/peptide

• Have to be considered in database search

• Fixed modification: corresponding amino 
acid is always modified (e.g. 
carbamidomethylation of C)

• Variable modification: corresponding 
amino acid might or might not be modified 
(e.g. phosphorylation of S/T/Y)

PEPTIDER

p

Candidate peptides with Fixed Mods

(mass ordered)

M
H

+
 (D

a
)

956.47

1036.43

?

-79.96

p Subset containing STY

Variable mods require the search engine to evaluate candidate 
sequences with a precursor mass offset from the measured mass
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Phosphosite Localization
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Localizing a Phosphorylation Site

L/F|P/A/D|T/s/P/S T A\T K

L/F|P/A/D|t S/P/S T A\T K

167 101

same spectrum

2 different interpretations
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PTM Site Localization
Test all Locations, Examine Score Gaps

No possible

ambiguity

Single

Site

Multiple

Sites

AVsEEQQPALK 

# PO4 sites =  # S,T, or Y

AVS(1.0)EEQQPALK 

APS(0.99)LT(0.0)DLVKAPsLTDLVK *

APSLtDLVK -

Locations Tested Conclusion

S(0.50)S(0.50)S(0.0)AGPEGPQLDVPRsSSAGPEGPQLDVPR *

SsSAGPEGPQLDVPR *

SSsAGPEGPQLDVPR -

VT(0.0)NDIS(0.99)PES(0.50)S(0.50)PGVGRVTNDIsPEsSPGVGR *

VTNDIsPESsPGVGR *

VTNDISPEssPGVGR -

VtNDIsPESSPGVGR -

VtNDISPEsSPGVGR -

VtNDISPESsPGVGR -
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PTM Site Localization – Confident Localization

(K)A/P|s/L/T D|L\V K(S)

APS(0.99)LT(0.0)DLVK

y6, y7 ions provide 

confident localization 

to the Ser
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PTM Site Localization – Ambiguous Localization

(R)S s/S/A/G/P E/G/P Q L|D|V|P R(E)

S(0.50)S(0.50)S(0.0)AGPEGPQLDVPR 

y13
++ ion excludes 

localization to Ser 3



27

PTM Site Localization – Ambiguous Localization
2 sites: 1 confident, 1 ambiguous

(R)V T N D|I|s/P E|s S/P G V\G R(R)

VT(0.0)NDIS(0.99)PES(0.50)S(0.50)PGVGR

y9, y10 ions provide 

confident localization to 

the Ser -6

y9, y10 ions provide 

ambiguous localization to 

Ser-9, Ser-10
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Spectrum Mill Variable Modification Localization Score

VML score = Difference in Score of same identified sequences with different

variable modification localizations

VML score > 1.1 indicates confident localization

Why a threshold value of 1.1?

1 implies that there is a distinguishing ion of b or y ion type

0.1 means that when unassigned, the peak is 10% the intensity of the base peak
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Phosphosite Localization Scoring - Ascore

http://ascore.med.harvard.edu/

Supports Sequest results only, Linux onlyBeausoleil SA, Villen J, Gerber SA, Rush J, Gygi SP (2006) Nat Biotechnol 24:1285–1292.

7

0.07 0.07

• Typical score 

thresholds are 

equivalent to 2 peaks 

supporting localization

• Peak selection 

probability term implies 

+/- 0.5 Da tolerance 

instead of ppm
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VML Score Features Reported
Sequence Map
VML sequence

Site flanks
+/- 7 AA
in protein
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Methods to control false discovery rates (FDR) of MS/MS search results
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Estimating False Discovery Rate (FDR)

• Basic Approaches

• Target-decoy approach

• Bayesian posterior probability

• Goals

• Accurate error estimation

• Accurate sensitivity estimation

• Comparable across labs and experiments

Nesvizhskii AI, Vitek O, Aebersold R.
Nat Methods. 2007 Oct;4(10):787-97.
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Creating a Target/Decoy Database

Reverse each  protein sequence
• Amino acid composition conserved
• #, length of proteins conserved
• # of peptides conserved

Reversed
peptides

Target
peptides

Correct
hits

Incorrect
hits

Shuffle each  protein sequence
• Amino acid composition conserved
• #, length of proteins conserved
• # of peptides increases

• Protein homology is lost
• Yields more distinct peptides

Random
peptides

Target
peptides

Correct
hits

Incorrect
hits

ProtA: ACDERFGHIK -> ACDER  FGHIK

ProtB: LMNPRFGHIK -> LMNPR  FGHIK

shuffled

RandA: CHERIGDAEK -> CHER  IGDAEK

RandB: PLKMHFRIGN -> PLK MHFR IGN 

3

5

from James Eddes

SM
Reverse each peptide
SAMPLER becomes
SELPMAR

Faster, skips digestion 
overhead

SM ignores peptides if 
decoy = target
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sc
o
re

%10100386.0

2
257713

13




+

FDR

13reversedn

2577132590 forwardn

2
forwarddecoy

decoy

n+n

n
=FDR

Decoy hits
(reversed database)

Target-Decoy Thresholding – 1D Example

• Sort hits in descending score order

• Count target hits above chosen score

• Count decoy hits above chosen score

• For each score calculate FDR

o FDR = (2 * FP) / (FP + TP)

• Filter list at score corresponding to 
chosen FDR

Target/Decoy FDR Tutorial

Elias & Gygi,  Nature Methods, 4, 207-214, 2007.
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Target-Decoy Thresholding – 3D to 7D possible in SM

In SM to achieve FDR goal:
1. Filter - sequence length range (min, max)
2. Filter - min backbone cleavage score threshold is applied.
3. Filter - limit by modifications (i.e. phospho sty or not)
4. Filter - precursor mass error distributions calculated for each LC-MS/MS run, retain PSMs within 3 stddev of mean
5. Optimize – thresholds for score, delta Rank1 – Rank2; separately for each precursor charge

a. enforces the notion that a credible ID should have both a suitable absolute score and be separated from the rank2 match by a 
suitable margin

3D

HLA class I: B5703_20180828

delta Rank1 – Rank2 (rows) Score(columns)
Optimum: 15,010 PSMs @ FDR 1.0

score 4.4
dR1-R2 1.0

(score, dR1-R2: with FDR > 1.0)

Example: for z=2 PSMs only

FDR
# PSMs
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Machine Learning to Combine Multiple Scores- Percolator
Not yet done with SM 

SM scores/features to percolate

SM scores
Score

score (w/o penalty portion)
penalty portion

Delta Rank1-Rank2 score
SPI – percent scored peak intensity
BCS – backbone cleavage score
Sequence coverage
Fragmentation category
# sequences past parent filter (DB size dependency)
Parent mass error
Sequence length

SM Spectral Features
z
MH+
RT – retention time
Max sequence tag length
PIP – precursor ion purity
Precursor averagine Chi2
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Calculate FDR separately for rare peptide subsets

Nesvizhskii AI. Nat Methods. 
2014 11, 1114–1125. 
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Collapsing Peptide Spectrum Matches (PSM’s) for Quantitation at 
the 

Protein level
and Phosphosite level
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Protein Grouping and Shared peptides

Protein Inference Tutorial

Nesvizhskii,  Mol Cell Proteomics, 4, 1419-1440, 2005.

# groups # subgroups

2 1, 1

1 1

1 2

# groups # subgroups

1 2

1 1

1 1P
ro

te
in

s 1
2
3

Subsumed

Protein

#2

P
ro

te
in

s 1
2

P
ro

te
in

s 1
2
3

P
ro

te
in

s

peptides

1
2

A B C D E

2

Indistinguishable

proteins

2

Distinct

proteins

1
2

1
2
3

peptides

1
2

A B C D 2

differentiable

proteins

subset

Protein

#2

A group

with some

Shared peptides
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Shared Peptides and Protein Grouping
P

ro
te

in
su

b
gr

o
u

p
s

peptides
A B C D E

1
2
3 P

ro
te

in
su

b
gr

o
u

p
s

peptides
A B C D E

1
2
3 P

ro
te

in
su

b
gr

o
u

p
s

peptides
A B C D E

1
2
3

All subgroups used shared Top subgroups uses shared
Subgroup Top  (SGT)

Ignore shared
Subgroup Specific  (SGS)

X X
X X

X X
X X

X X

Ranking of subgroups is by protein score.
Protein score is S distinct peptide scores.



41

Protein Groups and Subgroups, Genes

luad-v1.0-proteome-ratio-norm-NArm.gct

Protein group with multiple genes

Protein group with isoforms of 1 gene
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Link from Group Number in Protein/Peptide Summary HTML Results
Highlights Identified Peptides

ClustalW aligns 
proteins in group
SM colors identified 

peptides and labels 
subgroups

Subgroup-specific
Peptides

1
2
3
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Collapsing PSM’s to Phosphosite level – Show site-grouped PSMs - HTML 

m/z ppm

ID 

Score Filename

VML 

score

#Loc 

sty 

sites

#Am

big 

sty 

sites

iTRAQ 

114/1

17

iTRAQ 

115/1

17

iTRAQ 

116/1

17

PIP 

(%) Sequence VML sequence

Gene 

name

PO4 

Site

552.960 5.1 13.83TCGA_A8-A06Z_A2-A0D1_A2-A0CM_117C_P_BI_201303230_H-JQ_f04.10050.10050.3 0.00 0 1 0.96 0.08 1.27 76.7 RSStLSQLPGDK RS(0.33)S(0.33)T(0.33)LS(0.0)QLPGDK SPAG9 T581t

643.689 -0.1 10.84TCGA_A8-A06Z_A2-A0D1_A2-A0CM_117C_P_BI_201303230_H-JQ_f10.7464.7464.3 0.00 0 1 0.93 0.06 1.45 94.5 KRSsTLSQLPGDK KRS(0.25)S(0.25)T(0.25)LS(0.25)QLPGDK

500.923 -1.4 8.06TCGA_A8-A06Z_A2-A0D1_A2-A0CM_117C_P_BI_201303230_H-JQ_f12.11558.11558.3 0.00 0 1 1.48 0.31 0.88 78.7 SsTLSQLPGDK S(0.25)S(0.25)T(0.25)LS(0.25)QLPGDK

750.882 0.8 7.23TCGA_A8-A06Z_A2-A0D1_A2-A0CM_117C_P_BI_201303230_H-JQ_f11.11174.11174.2 0.00 0 1 1.84 0.16 0.99 87.1 SStLSQLPGDK S(0.0)S(0.50)T(0.50)LS(0.0)QLPGDK

750.881 -0.2 7.09TCGA_A8-A06Z_A2-A0D1_A2-A0CM_117C_P_BI_201303230_H-JQ_f12.11572.11572.2 0.00 0 1 1.96 0.14 0.71 62.8 SStLSQLPGDK S(0.0)S(0.50)T(0.50)LS(0.0)QLPGDK

678.833 3.6 7.07TCGA_A8-A06Z_A2-A0D1_A2-A0CM_117C_P_BI_201303230_H-JQ_f09.11720.11720.2 1.04 0 1 0.99 0.10 0.96 82.9 SStLSQLPGDK S(0.33)S(0.33)T(0.33)LS(0.0)QLPGDK

551.943 0.1 10.81TCGA_A8-A06Z_A2-A0D1_A2-A0CM_117C_P_BI_201303230_H-JQ_f08.20410.20410.3 4.43 1 0 0.40 0.70 1.84 75.1 DGGsVVGASVFYK DGGS(0.99)VVGAS(0.0)VFY(0.0)K SPAG9 S691s

755.361 2.1 7.91TCGA_A8-A06Z_A2-A0D1_A2-A0CM_117C_P_BI_201303230_H-JQ_f07.20717.20717.2 7.91 1 0 1.03 0.89 1.60 94.0 DGGsVVGASVFYK DGGS(0.99)VVGAS(0.0)VFY(0.0)K

827.408 -2.0 7.73TCGA_A8-A06Z_A2-A0D1_A2-A0CM_117C_P_BI_201303230_H-JQ_f08.20423.20423.2 7.73 1 0 0.57 0.90 1.63 87.7 DGGsVVGASVFYK DGGS(0.99)VVGAS(0.0)VFY(0.0)K

721.043 0.7 16.86TCGA_A8-A06Z_A2-A0D1_A2-A0CM_117C_P_BI_201303230_H-JQ_f01.16757.16757.3 2.29 1 0 0.48 0.98 1.77 69.8 SAsQSSLDKLDQELK S(0.0)AS(0.99)QS(0.0)S(0.0)LDKLDQELK SPAG9 S716s

645.813 1.0 12.89TCGA_A8-A06Z_A2-A0D1_A2-A0CM_117C_P_BI_201303230_H-JQ_f06.4977.4977.2 2.66 1 0 0.74 0.08 1.45 91.6 SAsQSSLDK S(0.0)AS(0.99)QS(0.0)S(0.0)LDK

541.035 2.5 12.36TCGA_A8-A06Z_A2-A0D1_A2-A0CM_117C_P_BI_201303230_H-JQ_f01.16777.16777.4 0.00 0 1 0.42 1.08 1.74 74.7 SASQsSLDKLDQELK S(0.0)AS(0.50)QS(0.50)S(0.0)LDKLDQELK

1081.057 -2.6 13.71TCGA_A8-A06Z_A2-A0D1_A2-A0CM_117C_P_BI_201303230_H-JQ_f10.15073.15073.2 1.21 1 0 0.44 0.76 1.56 87.9 SASQSsLDKLDQELK S(0.0)AS(0.0)QS(0.0)S(0.99)LDKLDQELK SPAG9 S719s

541.032 -1.7 8.73TCGA_A8-A06Z_A2-A0D1_A2-A0CM_117C_P_BI_201303230_H-JQ_f10.15034.15154.4 0.00 0 1 0.48 0.74 1.56 75.6 SASQSsLDKLDQELK S(0.0)AS(0.0)QS(0.50)S(0.50)LDKLDQELK

721.040 -2.5 7.37TCGA_A8-A06Z_A2-A0D1_A2-A0CM_117C_P_BI_201303230_H-JQ_f10.15039.15039.3 0.00 0 1 0.35 0.75 1.52 72.3 SASQSsLDKLDQELK S(0.0)AS(0.0)QS(0.50)S(0.50)LDKLDQELK

430.878 0.6 4.40TCGA_A8-A06Z_A2-A0D1_A2-A0CM_117C_P_BI_201303230_H-JQ_f04.4593.4593.3 0.00 0 1 0.65 0.06 1.52 69.7 SASQSsLDK S(0.0)AS(0.0)QS(0.50)S(0.50)LDK

Combine repeat site-level observations 
with non-conflicting localizations
• Different precursor charge states
• Different sample-handling modifications
• Different trypsin missed cleavage states

Representative peptide: if confident 
localization, higher ID scores and longer 
peptide preferred, else best VML score.
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Collapsing PSM’s to Phosphosite level – Show site-grouped PSMs - SSV
PSMexportVMsitesPolished.1.ssv

Log file created by

Autovalidation
VM site Polishing

Sequence overlap complications:
Ambiguous localizations grouped 
with confident ones preferentially 
over other overlapping 
ambiguous localizations that are 
inconsistent with the confident 
localization.

Combine repeat site-level 
observations with non-conflicting 
localizations

• Different precursor charge 
states

• Different sample-handling 
modifications

• Different trypsin missed 
cleavage states

Representative peptide: if 
confident localization, higher ID 
scores and longer peptide 
preferred, else best VML score.
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Protein / VM-site Summary Modes
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PSM / Peptide Summary Modes

Refine notion of sameness for collapsing PSMs

Case insensitive CI - combine variable mods 
(lowercase AA's),  no mods, diff precursor z, 
diff LC-MS/MS runs.

Case sensitive CS - separate mods & no mods
Charge file CS - separate diff precursor z, diff LC-

MS/MS runs, diff mods.
File CI - separate diff LC-MS/MS runs
File CS - separate diff LC-MS/MS runs, diff mods
Charge CS - separate diff precursor z, diff mods
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Autovalidation
Confident identification and False Discovery Rates (FDR) at the PSM, 

peptide, and protein levels.
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Autovalidation – Peptide/PSM level

Min Sequence length filter
• Short peptides often contribute to multiple proteins, inclusion may skew protein quantitation.
• Extractor MH+ lower limit: 750 for iTRAQ excludes short Arg peps 
• Autovalidation MSL filter excludes short Lys & Arg peps

Separate Score thresholds for each:
• LC-MS/MS run
• Precursor charge 

Separate precursor mass error range 
for each LC-MS/MS run
• Median +/- 3 std dev
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Autovalidation – Peptide/PSM level – immunopeptidomics extras

Optimize thresholds by directory
Useful for:
• Low abundance samples with <1,000 

PSMs/LC run
• Low frequency matches in complex samples

• PTM’s in unenriched samples
• Proteogenomic variants
• High charge states (>4+) 

Separate Score thresholds for each:
• Precursor charge 

Backbone cleavage score
Enforces uniformly higher minimum 
sequence coverage for each PSM, at least 4 
or 5 residues of unambiguous sequence. 
Built for immunopeptidomics.
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Autovalidation - Protein Polishing SGT

Primary Purpose 

Eliminate

low scoring

single-experiment 

protein Subgroups

From all directories, assembles protein subgroups from the 

autovalidated PSM’s. Then PSM’s are unvalidated if they contribute to 

protein subgroups that EITHER:

a) have protein subgroup-specific scores at or below the minimum 

protein score

OR

b) are observed in less than the minimum # of directories

Assembles protein groups from the autovalidated PSM’s, determines the 
maximum protein level score of a protein group that consists entirely of distinct 
peptides estimated to be false-positive identifications (PSM’s with negative 
delta forward-reverse scores). Then PSM’s are unvalidated if they contribute to 
protein groups that BOTH:
a) have protein scores at or below the larger of

i. the minimum protein score
ii. the max false-positive protein score

b) are observed in less than the minimum # of directories

Primary Purpose 

Eliminate

low scoring

single-experiment

single-peptide 

protein groups
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Autovalidation – VM site Polishing 

Primary Purpose 
Eliminate

low-scoring,
single-experiment 

phosphosites

From all directories, assembles VM sites 
from the autovalidated PSM’s. Then PSM’s 
are unvalidated if they contribute to VM 
sites that EITHER:
a) have VM site scores at or below the 

minimum VM site score
OR

b) are observed in less than the minimum 
# of directories
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Quantitation – reporter ion ratios (TMT, iTRAQ)
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Key Features of Spectrum Mill Quantitation

• MS/MS reporter ion ratio based: iTRAQ, TMT

• Median of all PSM ratios for each Protein, VM-site

• Not sum of all PSM reporter ion intensities, then ratio for Protein, VM-site

• Exclude ratios with Precursor Ion Purity, PIP < 50%

• Exclude ½ of false positive ID’s: Delta Fwd-Rev < 0

• Exclude peptides with no label

• MS precursor ion ratio based: SILAC

• Only 1 member of H/L pair H/M/L triplet needs to be triggered for MS/MS

• Median of all H/L pair H/M/L triplet ratios for each Protein, VM-site

• Exclude ratios from poor precursor ion isotope cluster shape

• Label – free

• Only uses peptides identified by MS/MS

• Sums up all precursor ion peak area for all PSM’s for a protein

• Peptides shared between protein subgroups

• Use shared in each subgroup

• Use only unshared: Subgroup specific
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Providing Reporter Ion Correction Factors

Updates file: 
\\spectrumMill\msparams_mill\

reporterIon.corrections.txt

Creates file: 
\\spectrumMill\msdataSM\Hasmik\HIV_RAPMS_TMT16\HIV_RAPMS_TMT16_All

reporterIon.correction.txt

Used in SM modules:
Quality Metrics
Protein/Peptide Summary

Enter the 13C values from 
the Certificate of Analysis

Batch: TMT16_VA299611

126C 0.00 0.00 9.31 0.32

127N 0.00 0.00 8.98 0.32

127C 0.00 0.93 8.63 0.27

128N 0.00 0.95 8.38 0.26

128C 0.00 1.47 6.91 0.15

129N 0.00 1.46 6.86 0.15

129C 0.51 2.74 6.15 0.11

130N 0.49 2.76 5.98 0.11

130C 0.04 3.10 4.82 0.06

131N 0.04 3.09 4.75 0.06

131C 0.08 3.81 3.29 0.03

132N 0.04 2.84 3.51 0.02

132C 0.10 4.14 1.80 0.00

133N 0.36 3.64 1.94 0.00

133C 0.88 4.70 1.01 0.00

134N 0.40 4.92 1.05 0.00

131N

m/z

132N130N

126C

127C
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Source of Isotope Impurities

TMT6/TMT10 Reporters

126 +0 

127N +1 15N

127C +1 13C

128N +2 13C 15N

128C +2 13C2

129N +3 13C2
15N

129C +3 13C3

130N +4 13C3
15N

130C +4 13C4

131 +5 13C4
15N

• +1 impurities originate from natural 13C levels in the unlabeled 
C positions

• C-reagents have only C-to-C +1.003 impurities
• N-reagents have only N-to-N +1.003 impurities

• -1 impurities originate from incomplete incorporation of 15N or 
13C in the synthetic precursors

• C-reagents may have only C-to-C -1.003 impurities
• N-reagents may have both:

• N-to-C -0.997 impurities (15N-14N)
• N-to-N -1.003 impurities (13C-12C) 

Probably most difficult combination to synthesize

with high incorporation

>1% signal for 127C (in 128N) and for 129C (in 130N). 
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afRICA Reporter Ion Intensity Correction Method in SM

4 equations and 4 unknown

-> Solve for unknowns 

using Cramer’s rule

Algorithm for Reporter Ion Correction and Adjustment (afRICA)
afRICA extends the i-TRACKER algorithm from iTRAQ to TMT
• 4x4 = 16 correction factors for iTRAQ4
• 6x4 = 24 correction factors for TMT6
• 10x4 = 40 correction factors for TMT10 

Matrix of Coefficients
• iTRAQ4 4X4
• TMT6 6x6
• TMT10 5x5 (N), 5x5 (C)
• TMT11 5x5 (N), 6x6 (C)
• TMT16 8x8 (N), 8x8 (C)
• TMT18 9x9 (N), 9x9 (C)

Shadforth IP, Dunkley TPJ, Lilley KS, and Bessant C
BMC Genomics 2005, 6:145  doi:10.1186/1471-2164-6-145
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Interference and Ratio Compression

MS

m/z

2 precursors isolated

1 precursor isolated

MS/MS

m/z

126-131

2 precursors 1 precursor

m/z

126-131

Ratio

4:1

= 4.0

5:2

= 2.5

Minimizing Interference

Data generation

• Use narrow MS1 precursor isolation

• 0.7 m/z instead of 2.5

Data analysis

• Exclude MS/MS with low precursor ion 

purity (PIP) i.e. <50%

• PIP = 100% x intensity precursor 1

intensity all isolation window 

For 2 peptides, relative precursor 

intensities not proportional to reporter ion 

intensities

Factors:

• Precursor charge

• MS/MS Collision energy

• # TMT labels (Lys vs Arg)
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De-multiplexing iTRAQ and TMT Experiments

ii)

Peptide126 abundance =
MS2 reporter126 abundance
σk=126
131 MS2 reporterk abundance

𝑥 MS1 precursor abundance

Protein126 abundance = σ𝑗=0
𝑛 Peptide126 abundance

Repeat for each 
reporter ion

126
127
128
129
130
131

n is # peptides in the protein

Not yet done directly in SM – done manually using values exported in SM reports, aka fractional intensity method

Method is used when
instead of
quantifying  across samples
one seeks to 
quantify along proteins



59

Process Report
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Process Report

Launches Perl script processReport.pl
which runs consecutive R scripts
• parseSMreport.r
• plotRatioDistributions.r
• normalizeReporterRatios.r
• plotRatioDistributions.r

Project-specific features in R scripts

Generates GCT format, if *-sample-annotation.csv present

• Keep most useful columns from *.ssv
• Revise headers
• Map samples to reporter ions 
• Filter species, exclude contaminants
• Normalize TMT ratios
• Reformats .TXT, .GCT
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Parsed Report – Normalized, Filtered, Formatted - GCT

• Keep most useful columns from *.ssv
• Revise headers, map samples to 

reporter ions *-sample-annotation.csv
• Filter species, exclude contaminants
• Normalize TMT ratios

https://clue.io/connectopedia/gct_format
GCT (Gene Cluster Text) is a tab-delimited text file format 
convenient for analysis of matrix datasets which allows storing 
alongside the data from the experiment, 

• column metadata about samples
• row metadata about proteins or VM sites

#1.3
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Sample.ID na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na MB278_GR3MB282_GR4MB275_SHHMB247_GR3MB091_GR4MB234_SHHMB199_GR4MB136_SHHMB288_GR4Burdenko..1360_WNTMB226_GR3MB118_GR4MB166_GR3MB239_SHHMB102_SHHMB271_GR3MB177_GR4MB037_SHHMB265_GR4MB170_GR3MB244_SHHMB260_GR3MB274_SHHMB264_GR4MB268_SHHMB095_GR3MB227_GR4MB269_GR4MB088_SHHMB281_GR4MB284_SHHMB174_GR4MB277_GR3MB164_GR3X5M15_WNTMB287_SHHMB099_GR4MB266_SHHMB104_SHHMB248_GR3X1M6_WNTMB106_GR3MB270_GR4MB018_GR3MB206_SHH

Subgroup na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na GR3 GR4 SHH GR3 GR4 SHH GR4 SHH GR3 WNT GR3 GR4 GR3 SHH SHH GR3 GR4 SHH GR4 GR3 SHH GR3 SHH GR4 SHH GR3 GR4 GR4 SHH GR4 SHH GR4 GR3 GR3 WNT SHH GR4 SHH SHH GR3 WNT GR3 GR4 GR3 SHH

cSubgroup na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na c4 c1 c3 c1 c4 c3 c4 c3 c5 NA c1 c4 c5 c3 c3 c5 c1 c3 c4 c1 c3 c1 c3 c2 c3 c3 c4 c4 NA c4 c3 c4 c5 c4 NA c3 c2 c2 c3 c1 NA c1 c2 c1 NA

Experiment na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000

Channel na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na ###### 127N 127C 128N 128C 129N 129C 130N 130C ###### 127N 127C 128N 128C 129N 129C 130N 130C ###### 127N 127C 128N 128C 129N 129C 130N 130C ###### 127N 127C 128N 128C 129N 129C 130N 130C ###### 127N 127C 128N 128C 129N 129C 130N 130C

abSubgroup na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na G3b G4 SHHa G3a G4 SHHa G4 SHHb G3b WNT G3a G4 G3b SHHa SHHa G3b G4 SHHa G4 G3a SHHa G3a SHHa G4 SHHa G3a G4 G4 SHHb G4 SHHa G4 G3b G3b WNT SHHb G4 SHHb SHHa G3a WNT G3a G4 G3a SHHb

QC.status na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na na QC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.passQC.pass

ENSP00000296755.7_T9t_1_1_9_9 ENSP00000296755.7 MAP1B 5 11 17.14 12.78 15.38 1.178 9 1 1 0 79.97 1.2 1029 T9t Acetyl 2 (M) ATVVVEAtEPEPSGSIANPAASTSPSLSHR(F) AT(0.0)VVVEAT(0.99)EPEPS(0.0)GS(0.0)IANPAAS(0.0)T(0.0)S(0.0)PS(0.0)LS(0.0)HRATVVVEAtEPEPSGS1 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160824_FM_Medullo_Phosphoproteome_Plex05_Fxn04.31526.31526.33004 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

ENSP00000296755.7_S91s_1_1_91_91 ENSP00000296755.7 MAP1B 5 21 13.18 11.74 10.39 99 1 1 1 0 79.97 -0.9 649.3 S91s Hydrogen 90 (R) FsPEVPGQK (I) FS(1.0)PEVPGQKSRHSARFsPEVPGQK2 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160824_FM_Medullo_Phosphoproteome_Plex05_Fxn06.18363.18363.21218 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+0.344 1.635 0.963 -1.007 1.687 0.606 1.851 -0.142 -2.070 0.011 -0.006 0.051 0.127 -2.046 0.071 -1.163 1.526 -1.377 1.361 -1.096 -1.676 -1.121 -1.164 1.136 -1.846 -0.841 0.908 1.022 0.203 0.745 1.873 0.719 0.085 0.300 -1.320 0.323 -0.509 0.376 -0.015 -0.990 -1.214 -1.505 0.874 -0.781 -0.216

ENSP00000296755.7_S336s_1_1_336_336 ENSP00000296755.7 MAP1B 5 67 23.32 26.56 27.84 2.206 5 1 1 0 79.97 -0.3 941.1 S336s TMT10 328 (K) IAELEEEQsQGSTTNSDWMK(N) IAELEEEQS(0.99)QGS(0.0)T(0.0)T(0.0)NS(0.0)DWMKAELEEEQsQGSTTNS3 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160824_FM_Medullo_Phosphoproteome_Plex05_Fxn09.33872.33872.32741 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.611 -0.525 2.943 -1.136 0.519 1.428 0.752 0.552 -1.239 0.708 -0.798 -1.422 -2.222 -0.910 0.505 -1.038 -0.553 0.539 -0.466 -1.118 0.074 0.100 0.344 -0.873 -0.218 -1.105 -0.997 -0.831 1.828 0.023 1.773 0.906 -0.777 -1.766 -0.906 1.916 -1.107 3.030 -0.063 -0.715 -0.949 -1.964 0.278 -1.116 1.233

ENSP00000296755.7_S339s_1_1_339_339 ENSP00000296755.7 MAP1B 5 38 20.67 22.17 22.95 1.1 5 1 1 0 79.97 1.2 1411 S339s TMT10 328 (K) IAELEEEQSQGsTTNSDWMK(N) IAELEEEQS(0.0)QGS(0.99)T(0.0)T(0.0)NS(0.0)DWMKEEEQSQGsTTNSDWM4 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex01_Fxn08.33423.33423.22741 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.630 0.636 2.600 -0.843 0.530 1.614 0.470 0.320 -0.885 0.557 0.143 -0.426 -0.856 -0.760 0.629 -0.697 0.471 0.837 -0.237 -1.562 -0.506 -0.496 0.270 -1.052 0.210 -0.239 -0.752 -0.217 1.271 0.017 2.015 0.567 0.061 -0.808 -0.561 0.820 -0.939 2.529 -0.337 -0.856 0.069 -1.312 0.011 -1.156 0.378

ENSP00000296755.7_S351s_1_1_351_351 ENSP00000296755.7 MAP1B 1 1 18.62 17.86 19.34 99 1 1 1 0 79.96 -2.5 873.8 S351s TMT10 348 (K) NLIsPDLGVVFLNVPENLK(N) NLIS(1.0)PDLGVVFLNVPENLKDWMKNLIsPDLGVVF5 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex01_Fxn03.50221.50221.32539 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.151 -0.461 1.465 -0.979 1.991 2.277 1.367 1.063 -0.633 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

ENSP00000296755.7_S377s_1_1_377_377 ENSP00000296755.7 MAP1B 5 5 20.35 19.23 19.08 8.711 3 1 1 0 79.97 -0.5 752 S377s TMT10 377 (R) sIEEACFTLQYLNK(L) S(0.99)IEEACFT(0.0)LQY(0.0)LNKPNIKMKRsIEEACFT6 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160823_FM_Medullo_Phosphoproteome_Plex04_Fxn01.40668.40668.32174 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+1.328 0.400 0.927 -0.623 -0.077 0.156 0.889 -0.121 -0.091 NA -0.022 0.059 -1.050 -0.704 0.117 -0.495 4.398 0.107 1.401 -1.079 -0.898 -0.073 -0.575 -0.630 -0.449 0.371 0.978 -0.174 0.400 0.609 -0.616 1.080 -0.724 -1.480 -0.852 1.007 -1.177 1.277 -0.095 -0.447 -0.731 -1.241 -0.015 -1.037 -0.905

ENSP00000296755.7_S401s_1_1_401_401 ENSP00000296755.7 MAP1B 3 3 21.49 16.18 21.8 3.438 2 1 1 0 79.97 0.4 690.4 S401s TMT10 401 (R) sVGNTIDPVILFQK(M) S(0.99)VGNT(0.0)IDPVILFQKKPEPLFRsVGNTIDP7 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160822_FM_Medullo_Phosphoproteome_Plex03_Fxn09.44508.44508.31989 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.395 1.135 1.291 -0.687 0.550 0.379 1.038 1.560 -0.322 0.252 -0.182 0.811 0.079 -1.360 0.263 -0.406 0.973 -0.347 0.920 -1.337 -1.362 0.770 -1.480 0.428 -1.479 -0.353 -0.049 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

ENSP00000296755.7_T405t_1_1_405_405 ENSP00000296755.7 MAP1B 3 3 19.56 17.74 20.32 4.735 2 1 1 0 79.96 -1.2 690.4 T405t TMT10 401 (R) SVGNtIDPVILFQK(M) S(0.0)VGNT(0.99)IDPVILFQKLFRSVGNtIDPVILF8 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex01_Fxn08.42994.42994.31989 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.804 1.204 0.776 -1.197 0.721 -0.341 -0.105 1.015 -1.517 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.346 -0.470 0.897 1.100 0.934 0.016 -0.508 -0.736 0.906 -0.295 2.846 0.107 0.290 -0.516 -0.374 1.027 -0.732 0.266

ENSP00000296755.7_Y496y_1_1_496_496 ENSP00000296755.7 MAP1B 3 3 21.68 19.46 17.98 5.447 3 1 1 0 79.96 -1.2 854.1 Y496y TMT10 487 (R) VLFPGNSTQyNILEGLEK(L) VLFPGNS(0.0)T(0.0)QY(0.99)NILEGLEKFPGNSTQyNILEGLE9 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160824_FM_Medullo_Phosphoproteome_Plex05_Fxn11.47593.47593.32480 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+0.424 1.149 -0.387 -0.070 1.274 -0.067 1.107 1.814 0.045 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 1.103 0.222 -0.237 -0.479 1.375 -0.169 0.268 -1.379 -0.590 -0.896 2.439 -0.002 -0.979 -1.233 -1.337 1.014 -0.151 0.715

ENSP00000296755.7_T527t_1_1_527_527 ENSP00000296755.7 MAP1B 5 11 13.55 11.52 13 5.71 2 1 1 0 79.97 0.1 896.5 T527t TMT10 520 (K) DLTGQVPtPVVK(Q) DLT(0.0)GQVPT(0.99)PVVKDLTGQVPtPVVKQTK10 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex01_Fxn08.26964.26964.21712 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.973 0.965 1.942 -1.290 1.810 0.279 0.304 -1.360 -1.191 -0.651 -0.822 -0.426 -1.392 -1.590 0.325 -1.236 1.646 -0.449 0.306 -0.151 -0.158 -0.723 0.654 0.181 -0.145 -1.066 1.085 1.282 2.143 -0.229 1.045 0.841 0.354 -0.044 -1.129 0.426 -1.165 0.840 -0.839 -0.026 -0.604 -0.844 0.611 -0.095 2.210

ENSP00000296755.7_S541s_1_1_541_541 ENSP00000296755.7 MAP1B 5 124 11.63 11.6 8.9 2.43 2 1 1 0 79.97 -0.7 604.3 S541s Hydrogen 539 (R) ADsRESLKPAAK(P) ADS(0.99)RES(0.0)LKPAAKKLKQRADsRESLKPA11 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160824_FM_Medullo_Phosphoproteome_Plex05_Fxn03.10053.10053.31731 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-1.041 -0.796 2.893 -1.329 0.917 -0.213 0.976 -0.651 -0.811 -1.556 -2.101 -0.741 0.591 -1.654 0.692 -0.388 1.538 -0.842 2.025 -0.932 -1.605 -1.956 -0.602 0.513 0.015 -1.651 0.559 1.069 1.501 -0.608 0.297 -0.337 -1.135 -0.099 -1.197 -0.144 -2.196 -0.131 -1.783 -0.345 -0.750 -0.855 0.029 0.175 0.362

ENSP00000296755.7_S554s_1_1_554_554 ENSP00000296755.7 MAP1B 2 2 9.31 9.31 9.31 9.307 2 1 1 0 79.96 -0.6 591.4 S554s TMT10 543 (R) ESLKPAAKPLPsK(S) ES(0.0)LKPAAKPLPS(0.99)KPAAKPLPsKSVRKES12 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex02_Fxn07.19204.19204.42282 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+0.081 0.878 1.669 -1.016 0.375 1.206 0.107 0.304 -1.659 -0.257 -0.227 -1.463 -0.863 -0.848 -0.705 -1.564 -0.051 0.991 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

ENSP00000296755.7_S561s_1_1_561_561 ENSP00000296755.7 MAP1B 5 30 15.88 10.56 11.6 1.287 3 1 1 0 79.96 -0.9 1201 S561s TMT10 559 (R) KEsKEETPEVTK(V) KES(0.99)KEET(0.0)PEVT(0.0)KSKSVRKEsKEETPEV13 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex01_Fxn05.13226.13226.22321 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+0.903 1.514 0.145 -0.264 -1.678 -1.998 -0.813 -0.573 -0.515 0.040 -1.045 -1.664 0.867 -2.869 -2.583 -0.442 4.774 -0.741 1.492 0.815 -1.787 -0.081 -1.318 0.254 -1.716 0.031 0.771 -0.552 0.729 0.862 -0.927 0.244 -1.144 -1.005 -0.740 -0.575 -1.130 0.307 -1.757 1.047 -1.523 -1.644 1.569 -0.625 0.931

ENSP00000296755.7_T565t_1_1_565_565 ENSP00000296755.7 MAP1B 3 3 13.34 9.48 7.76 2.68 3 1 1 0 79.97 -0.1 682 T565t TMT10 560 (K) ESKEEtPEVTK(V) ES(0.0)KEET(0.99)PEVT(0.0)KRKESKEEtPEVTKVN14 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex02_Fxn06.12704.12704.31964 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-2.296 -1.021 2.596 -2.700 1.949 -1.227 -1.464 -2.215 -0.820 -0.587 -1.326 -1.796 1.476 -2.267 -0.565 -0.645 2.688 -1.224 2.306 -1.390 -2.575 0.242 -0.660 0.534 0.449 -1.495 1.356 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

ENSP00000296755.7_S582s_1_1_582_582 ENSP00000296755.7 MAP1B 4 4 10.45 6.03 10.45 99 1 1 1 0 79.96 -0.7 622.6 S582s TMT10 571 (K) VNHVEKPPKVEsK(E) VNHVEKPPKVES(1.0)KEKPPKVEsKEKVMVK15 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex02_Fxn09.12398.12398.42407 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.139 -0.096 2.473 -0.978 0.478 0.717 1.730 -0.758 -0.760 -1.179 -1.238 -0.772 -0.797 -0.938 0.560 -0.338 1.227 -0.336 1.103 -0.845 0.419 -0.888 -0.237 -0.085 -0.198 -1.864 0.243 NA NA NA NA NA NA NA NA NA -0.286 0.024 -1.240 -1.047 -0.634 -0.497 0.129 -0.890 -0.120

ENSP00000296755.7_S601s_1_1_601_601 ENSP00000296755.7 MAP1B 5 5 11.07 11.07 6.51 1.714 4 1 1 0 79.97 0.2 629.7 S601s TMT10 596 (K) TETKPsVTEK (E) T(0.0)ET(0.0)KPS(0.99)VT(0.0)EKIKTETKPsVTEKEVP16 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160823_FM_Medullo_Phosphoproteome_Plex04_Fxn04.14059.14059.31807 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+1.905 1.199 2.301 -0.469 2.652 0.454 2.755 1.163 0.784 -0.860 -1.709 0.348 -0.094 -1.770 0.242 -1.226 1.495 0.055 1.218 -0.805 -0.667 1.182 -0.500 -0.499 0.054 -0.471 0.318 0.993 2.438 -0.278 -0.376 0.276 -1.259 0.133 -0.926 1.259 -1.289 0.183 -0.369 0.466 -1.034 -0.670 0.585 1.041 0.028

ENSP00000296755.7_S609s_1_1_609_609 ENSP00000296755.7 MAP1B 5 8 12.51 12.51 12.51 2.658 2 1 1 0 79.96 -2.8 738.2 S609s TMT10 606 (K) EVPsKEEPSPVKAEVAEK(Q) EVPS(0.99)KEEPS(0.0)PVKAEVAEKVTEKEVPsKEEPSPV17 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160824_FM_Medullo_Phosphoproteome_Plex05_Fxn02.21640.21640.42870 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-1.419 1.428 2.152 -1.142 0.229 1.297 0.722 -0.282 -1.910 -0.525 -0.969 -0.033 0.060 -0.332 2.348 0.451 1.755 0.937 0.036 -0.479 -0.411 -0.463 0.070 -0.059 -0.052 -0.546 -0.090 0.471 1.533 -0.693 1.456 0.197 -1.006 -0.547 -1.954 0.573 -1.527 0.977 -0.512 -1.536 -1.033 -1.972 0.114 -0.936 1.079

ENSP00000296755.7_S614s_1_1_614_614 ENSP00000296755.7 MAP1B 5 52 19.21 16.96 18.58 5.511 2 1 1 0 79.97 0.4 590.7 S614s TMT10 606 (K) EVPSKEEPsPVKAEVAEK(Q) EVPS(0.0)KEEPS(0.99)PVKAEVAEKVPSKEEPsPVKAEVA18 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160822_FM_Medullo_Phosphoproteome_Plex03_Fxn02.21210.21210.52870 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-1.255 0.219 2.080 -2.166 1.818 1.644 1.347 -1.004 -3.172 -0.499 0.297 -1.529 -1.459 -0.857 0.403 -1.475 1.830 0.285 0.888 -1.334 -1.247 -0.112 0.305 0.761 -0.627 -1.626 -0.049 0.344 2.759 1.106 1.233 1.318 -0.035 -1.278 -1.699 1.196 -0.074 1.442 -0.567 0.191 -1.931 -0.789 0.069 -0.881 0.871

ENSP00000296755.7_T626t_1_1_626_626 ENSP00000296755.7 MAP1B 3 3 12.82 9.68 12.82 99 1 1 1 0 79.97 -0.8 552 T626t TMT10 624 (K) QAtDVKPK (A) QAT(1.0)DVKPKEVAEKQAtDVKPKAA19 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160824_FM_Medullo_Phosphoproteome_Plex05_Fxn06.11468.11468.31574 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA -0.208 -1.421 0.521 0.112 -0.392 0.444 -1.500 -2.309 2.191 1.907 1.565 -0.776 1.248 -1.358 0.248 -0.769 -1.161 -1.286 -2.889 -0.623 -1.455 2.256 -1.068 -0.752 -1.261 0.727 1.271

ENSP00000296755.7_T667t_1_1_667_667 ENSP00000296755.7 MAP1B 2 2 9.74 3.35 6.24 99 1 1 1 0 79.96 -2.9 652.4 T667t TMT10 664 (K) EDKtPIKK (E) EDKT(1.0)PIKKVAKKEDKtPIKKEEK20 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex01_Fxn12.11269.11269.31875 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.977 0.881 2.105 -1.133 1.868 0.927 0.544 -0.506 -1.239 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.732 0.343 0.990 0.048 0.214 -1.042 -0.935 -1.106 -0.875 NA NA NA NA NA NA NA NA NA

ENSP00000296755.7_T704t_1_1_704_704 ENSP00000296755.7 MAP1B 5 34 13.42 12.82 8.84 99 1 1 1 0 79.97 0.3 684.7 T704t TMT10 702 (K) KEtPPKEVK (K) KET(1.0)PPKEVKKKEVKKEtPPKEVKK21 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160824_FM_Medullo_Phosphoproteome_Plex05_Fxn01.12456.12456.31972 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-1.304 -0.336 1.981 -1.604 0.963 1.287 0.651 -0.596 -1.859 0.802 0.848 -2.927 -1.215 -0.739 1.022 -1.250 1.453 0.754 0.557 -1.346 -0.152 0.128 0.782 -0.523 0.276 -0.489 -0.722 0.229 1.088 1.630 -0.351 0.136 -0.577 -1.404 -0.459 -0.947 0.481 -0.918 -0.295 0.880 0.347 -0.169 -1.346 0.205 -0.695

ENSP00000296755.7_S742s_1_1_742_742 ENSP00000296755.7 MAP1B 4 8 11.92 6.6 6.91 2.176 4 1 1 0 79.97 -0.8 729.4 S742s TMT10 742 (K) sSTPLSEAK (K) S(0.99)S(0.0)T(0.0)PLS(0.0)EAKLPKDAKKsSTPLSEA22 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex01_Fxn10.16907.16907.21378 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.061 -0.382 2.757 -1.608 0.306 0.713 0.942 -0.077 -0.825 NA NA NA NA NA NA NA NA NA 0.995 0.776 -0.467 0.575 -0.210 0.054 0.483 -0.349 0.370 0.250 0.792 -0.085 0.867 -0.180 -0.338 -0.398 -1.023 0.443 NA NA NA NA NA NA NA NA NA

ENSP00000296755.7_T744t_1_1_744_744 ENSP00000296755.7 MAP1B 5 13 10.51 7.96 7.72 1.436 4 1 1 0 79.97 0.3 729.4 T744t TMT10 742 (K) SStPLSEAK (K) S(0.0)S(0.0)T(0.99)PLS(0.0)EAKKDAKKSStPLSEAKK23 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160822_FM_Medullo_Phosphoproteome_Plex03_Fxn08.14832.14832.21378 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-1.969 -0.774 2.690 -2.772 1.991 -0.149 -1.000 -0.265 -0.868 -3.230 -3.136 -1.431 -0.149 -2.488 -0.743 -0.715 2.231 -2.052 2.171 -2.620 -3.028 -2.099 0.064 0.901 1.065 -3.685 1.957 1.916 3.456 -0.200 0.363 -0.151 -1.743 0.254 -0.842 0.751 -1.820 0.050 -1.838 0.447 -0.947 -0.279 -0.931 0.566 1.197

ENSP00000296755.7_S747s_1_1_747_747 ENSP00000296755.7 MAP1B 5 7 14.16 9.8 9.85 1.951 4 1 1 0 79.97 -0.2 729.4 S747s TMT10 742 (K) SSTPLsEAK (K) S(0.0)S(0.0)T(0.0)PLS(0.99)EAKKKSSTPLsEAKKPAA24 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex01_Fxn09.16549.16549.21378 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-1.335 -0.315 1.789 -2.072 1.007 0.321 0.192 0.227 0.712 -1.310 -1.146 -0.861 -0.316 -1.082 0.192 -0.408 0.532 0.359 1.080 -0.742 -0.993 0.981 -0.951 0.241 0.613 -0.392 0.969 0.852 1.607 -0.087 0.949 -0.273 -0.627 -0.213 -1.444 0.996 -1.447 0.947 -0.672 0.227 -0.015 -0.636 -0.322 0.144 0.538

ENSP00000296755.7_S770s_1_1_770_770 ENSP00000296755.7 MAP1B 4 5 14.4 9.4 10.53 99 1 1 1 0 79.97 1.5 666.4 S770s TMT10 768 (K) KDsVAAGKPK(E) KDS(1.0)VAAGKPKEESVKKDsVAAGKPK25 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex02_Fxn10.11040.11040.31917 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+0.443 -0.713 1.699 -0.654 0.031 -0.263 0.284 0.044 1.051 -0.918 -1.591 -1.157 1.570 -1.954 -0.632 -1.475 -0.713 0.185 2.448 -0.454 -1.649 2.330 -0.889 0.770 0.935 -0.728 1.353 0.582 0.025 -1.970 -0.936 -1.517 -1.703 -0.433 -1.466 0.461 NA NA NA NA NA NA NA NA NA

ENSP00000296755.7_S831s_1_1_831_831 ENSP00000296755.7 MAP1B 5 89 12.33 12.19 11.42 1.283 4 1 1 0 79.97 2.2 873.4 S831s TMT10 828 (R) SLMsSPEDLTK(D) S(0.0)LMS(0.99)S(0.0)PEDLT(0.0)KEAERSLMsSPEDLTK26 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex01_Fxn08.30249.30249.21666 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+0.856 0.595 0.397 -0.734 0.315 0.808 0.706 1.011 -1.979 1.398 1.660 -1.328 0.142 -0.757 -1.381 -1.911 0.274 0.366 -0.824 0.479 -0.149 0.691 0.156 -1.237 -1.572 0.916 -1.426 -0.982 -0.527 0.850 1.134 1.411 1.400 -1.083 -1.300 1.904 -0.158 2.802 0.534 -0.400 -0.792 -1.772 0.333 -2.950 -2.108

ENSP00000296755.7_S832s_1_1_832_832 ENSP00000296755.7 MAP1B 5 42 17.97 17.97 15.29 1.218 4 1 1 0 79.96 -2.7 912.8 S832s TMT10 828 (R) SLMSsPEDLTKDFEELK(A) S(0.0)LMS(0.0)S(0.99)PEDLT(0.0)KDFEELKAERSLMSsPEDLTKD27 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160823_FM_Medullo_Phosphoproteome_Plex04_Fxn08.43012.43012.32656 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+0.137 1.152 1.198 -0.599 0.576 0.438 1.367 1.839 -1.436 0.910 2.454 -1.646 0.606 -0.717 -1.338 -1.699 0.719 0.379 -1.319 -0.314 -0.105 1.412 -0.063 -1.624 -2.140 1.261 -2.281 -0.685 -0.597 0.654 1.043 1.745 1.093 -0.987 -1.254 1.778 -0.407 2.760 0.712 -0.429 -0.726 -1.193 -0.041 -2.344 -1.633

ENSP00000296755.7_T837t_1_1_837_837 ENSP00000296755.7 MAP1B 2 2 13.73 15.49 13.73 1.105 5 1 1 0 79.98 3.4 1280 T837t TMT10 828 (R) SLMSSPEDLtKDFEELKAEEVDVTK(D) S(0.0)LMS(0.0)S(0.0)PEDLT(0.99)KDFEELKAEEVDVT(0.0)KMSSPEDLtKDFEELK28 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160823_FM_Medullo_Phosphoproteome_Plex04_Fxn06.45615.45615.33757 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-4.374 -5.339 -0.840 -6.155 -3.497 -3.155 -5.297 -2.028 -6.971 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA -4.781 -1.915 0.120 4.702 -1.508 1.410 -2.927 -1.571 1.049 NA NA NA NA NA NA NA NA NA

ENSP00000296755.7_S891s_1_1_891_891 ENSP00000296755.7 MAP1B 5 30 24.77 21.89 22.46 4.608 6 1 1 0 79.97 1 1143 S891s TMT10 883 (R) EVTKGPAEsPDEGITTTEGEGECEQTPEELEPVEK(Q) EVT(0.0)KGPAES(0.99)PDEGIT(0.0)T(0.0)T(0.0)EGEGECEQT(0.0)PEELEPVEKVTKGPAEsPDEGITT29 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160824_FM_Medullo_Phosphoproteome_Plex05_Fxn05.27612.27612.44489 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.821 -1.472 2.607 -1.007 1.168 1.657 0.964 -0.017 -1.313 -0.970 -0.877 -1.145 -1.589 -1.223 -0.438 -2.418 0.284 -0.403 0.293 -0.840 -1.666 0.270 -0.503 -1.085 -0.679 -0.735 -1.017 -0.714 3.452 1.299 2.535 0.677 0.159 -0.357 -2.342 2.253 -1.461 2.778 -0.353 -0.510 -2.221 -1.291 -0.047 -1.440 2.019

ENSP00000296755.7_T908t_1_1_908_908 ENSP00000296755.7 MAP1B 5 19 25.44 23.69 22.22 4.334 6 1 1 0 79.95 -2.6 1214 T908t TMT10 881 (K) EREVTKGPAESPDEGITTTEGEGECEQtPEELEPVEK(Q) EREVT(0.0)KGPAES(0.0)PDEGIT(0.0)T(0.0)T(0.0)EGEGECEQT(0.99)PEELEPVEKGEGECEQtPEELEPV30 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex02_Fxn04.22859.22859.44774 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.609 -1.156 2.390 -0.824 0.805 1.297 1.018 -0.539 -1.669 0.130 0.125 -2.352 0.266 -1.660 -0.463 -1.545 0.063 0.689 -0.387 -0.028 -1.174 0.280 -0.555 -0.155 -0.572 -0.582 -1.168 -1.084 1.304 0.611 0.971 0.885 0.619 -0.726 -1.740 1.625 -0.713 2.803 -0.013 0.198 -0.356 -1.047 -0.469 -0.547 1.355

ENSP00000296755.7_T948t_1_1_948_948 ENSP00000296755.7 MAP1B 5 13 25.72 25.72 25.72 20.25 3 1 1 0 79.97 0 775.6 T948t TMT10 946 (K) AEtEEAEEPEEDGEEHVCVSASK(H) AET(0.99)EEAEEPEEDGEEHVCVS(0.0)AS(0.0)KDYEEKAEtEEAEEPE31 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160822_FM_Medullo_Phosphoproteome_Plex03_Fxn02.17707.17707.43019 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.179 0.262 2.572 -0.926 0.638 1.366 1.752 -0.008 -1.525 -0.485 -0.314 -0.903 -0.280 0.021 1.616 -0.060 1.530 0.243 1.130 -0.772 -1.071 -0.559 0.235 -0.217 -0.429 -0.080 0.666 1.035 0.671 -0.056 0.316 0.810 -0.752 -0.270 -1.545 -0.908 -0.705 -0.704 -0.751 -0.387 -1.440 -1.090 0.127 -1.247 -1.093

ENSP00000296755.7_S965s_1_1_965_965 ENSP00000296755.7 MAP1B 5 15 23.44 23.44 23.44 2.377 3 1 1 0 79.97 -0.3 1034 S965s TMT10 946 (K) AETEEAEEPEEDGEEHVCVsASK(H) AET(0.0)EEAEEPEEDGEEHVCVS(0.99)AS(0.0)KGEEHVCVsASKHSPT32 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160823_FM_Medullo_Phosphoproteome_Plex04_FxnA.17637.17637.33019 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.544 -0.389 1.917 -1.501 1.399 1.981 0.815 0.390 -1.378 -2.537 -1.660 -1.464 -2.628 -0.572 0.304 -1.653 1.060 -0.062 0.423 -2.157 -0.413 0.116 0.006 -0.922 0.232 -0.345 -0.196 0.299 2.382 0.540 0.475 2.002 0.378 0.098 -2.106 2.329 -0.934 2.444 0.003 0.154 -1.612 -0.296 0.412 -0.759 2.690

ENSP00000296755.7_S970s_1_1_970_970 ENSP00000296755.7 MAP1B 5 23 18.01 12.66 13.49 2.894 4 1 1 0 79.97 -0.2 786.6 S970s TMT10 969 (K) HsPTEDEESAKAEADAYIREK(R) HS(0.99)PT(0.0)EDEES(0.0)AKAEADAY(0.0)IREKCVSASKHsPTEDEES33 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160824_FM_Medullo_Phosphoproteome_Plex05_Fxn06.24749.24749.43064 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+0.383 0.784 1.852 -0.771 1.249 1.584 1.637 0.011 -1.125 0.614 -0.167 -0.330 -2.235 -1.670 -0.208 -2.710 0.616 -0.562 -0.404 -1.949 -1.791 0.128 -0.855 -0.366 -1.702 -0.199 -0.790 -0.036 1.910 0.260 0.907 1.109 0.543 -1.246 -2.721 1.525 -1.166 2.385 -0.603 -0.647 -2.243 -2.065 1.173 -1.135 1.543

ENSP00000296755.7_T972t_1_1_972_972 ENSP00000296755.7 MAP1B 2 2 13.89 12.03 10.87 1.845 4 1 1 0 79.97 -0.4 886.4 T972t TMT10 969 (K) HSPtEDEESAKAEADAYIR(E) HS(0.0)PT(0.99)EDEES(0.0)AKAEADAY(0.0)IRSASKHSPtEDEESAK34 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160823_FM_Medullo_Phosphoproteome_Plex04_Fxn04.24544.24544.32577 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.167 -0.562 0.195 -0.234 0.210 -0.050 -0.436 -0.941 0.105 0.637 1.330 0.060 0.639 0.443 -0.339 0.130 -0.427 0.104 NA NA NA NA NA NA NA NA NA

ENSP00000296755.7_S977s_1_1_977_977 ENSP00000296755.7 MAP1B 5 6 17.14 15.13 12.98 1.221 4 1 1 0 79.96 -2.9 886.4 S977s TMT10 969 (K) HSPTEDEEsAKAEADAYIR(E) HS(0.0)PT(0.0)EDEES(0.99)AKAEADAY(0.0)IRSPTEDEEsAKAEADA35 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160823_FM_Medullo_Phosphoproteome_Plex04_Fxn05.21756.21756.32577 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-1.127 0.437 1.555 -0.602 1.449 0.605 0.395 -0.113 -1.885 0.011 -0.615 -0.313 -1.196 -0.619 0.929 -1.190 1.298 1.368 -0.205 -0.504 0.216 -0.114 0.549 -0.222 0.333 -0.140 -0.767 -0.193 1.573 -0.540 1.482 1.525 0.177 -0.939 -0.665 0.722 -1.399 1.085 0.028 -1.025 -0.483 -1.718 -0.255 -1.239 1.037

ENSP00000296755.7_S992s_1_1_992_992 ENSP00000296755.7 MAP1B 5 89 17.74 15.3 13.68 6.033 2 1 1 0 79.96 -2.1 835.7 S992s Hydrogen 991 (R) EsVASGDDRAEEDMDEAIEK(G) ES(0.99)VAS(0.0)GDDRAEEDMDEAIEKYIREKREsVASGDDR36 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex01_FxnA.20841.20841.32425 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+0.136 0.821 2.067 0.144 0.942 0.892 1.732 0.275 -0.674 -0.828 -0.715 -0.557 -0.015 -1.467 0.106 -0.505 1.058 -0.067 0.628 -0.100 -0.618 0.037 -0.322 0.430 -0.978 0.284 0.439 0.437 0.472 0.571 -0.258 1.380 -0.106 -0.110 -1.379 0.486 -0.661 1.667 -0.345 -0.128 -1.551 -0.557 0.612 -0.587 0.162

ENSP00000296755.7_S995s_1_1_995_995 ENSP00000296755.7 MAP1B 5 51 21.25 19.86 21.25 4.454 2 1 1 0 79.97 0.4 912.1 S995s TMT10 991 (R) ESVAsGDDRAEEDMDEAIEK(G) ES(0.0)VAS(0.99)GDDRAEEDMDEAIEKEKRESVAsGDDRAEE37 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex01_Fxn02.25080.25657.32654 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+0.526 1.213 2.134 -1.497 1.049 0.754 1.853 -0.544 -1.734 0.197 -0.712 -0.538 0.004 -1.340 -0.371 -0.422 1.357 0.416 0.941 -1.083 -0.840 0.918 -0.734 0.951 -0.172 -0.296 0.339 1.069 0.917 1.772 -0.103 1.015 -0.088 -0.573 -0.978 1.220 -0.638 1.742 -0.634 0.062 -0.604 -1.393 0.483 -1.149 0.410

ENSP00000296755.7_S1016s_1_1_1016_1016ENSP00000296755.7 MAP1B 5 252 26.88 28.98 29.14 26.88 3 1 1 0 79.95 -3.7 959.8 S1016s TMT10 990 (K) RESVASGDDRAEEDMDEAIEKGEAEQsEEEADEEDK(A) RES(0.0)VAS(0.0)GDDRAEEDMDEAIEKGEAEQS(0.99)EEEADEEDKEKGEAEQsEEEADEE38 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160822_FM_Medullo_Phosphoproteome_Plex03_Fxn02.26396.26396.54715 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.175 0.264 2.180 -0.543 0.786 1.454 1.680 0.121 -1.013 -0.814 -1.026 -1.272 -0.572 -0.593 0.789 -0.700 0.981 0.049 0.575 -1.116 -0.587 -0.122 -0.128 0.061 -0.335 0.062 -0.169 0.591 1.173 0.423 0.812 0.973 -0.055 -0.122 -1.681 0.699 -0.616 1.258 -0.248 -0.260 -1.640 -1.207 -0.010 -1.296 0.534

ENSP00000296755.7_Y1044y_1_1_1044_1044ENSP00000296755.7 MAP1B 5 30 16.88 17.34 17.58 2.05 3 1 1 0 95.97 1.2 1154 M1039m Y1044yTMT10 1011 (K) GEAEQSEEEADEEDKAEDAREEEYEPEKmEAEDyVMAVVDK(A) GEAEQS(0.0)EEEADEEDKAEDAREEEY(0.0)EPEKM(0.99)EAEDY(0.99)VM(0.0)AVVDKEKMEAEDyVMAVVDK39 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160823_FM_Medullo_Phosphoproteome_Plex04_Fxn07.37546.37546.55668 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.147 0.614 2.211 -0.105 1.197 1.527 2.198 0.383 -0.769 -1.246 -0.785 -0.961 -1.135 -0.463 0.500 -0.799 0.731 -0.419 0.652 -0.975 -0.291 -0.122 -0.189 0.353 -0.411 0.187 -0.121 0.521 1.383 0.534 1.140 1.318 0.067 0.021 -1.678 0.937 -1.053 1.360 -0.361 -0.126 -1.710 -1.227 -0.105 -1.160 0.256

ENSP00000296755.7_Y1062y_1_1_1062_1062ENSP00000296755.7 MAP1B 5 10 24.63 19.99 24.63 6.763 4 1 1 0 79.97 -0.4 827.1 Y1062y TMT10 1052 (K) AAEAGGAEEQyGFLTTPTK(Q) AAEAGGAEEQY(0.99)GFLT(0.0)T(0.0)PT(0.0)KAGGAEEQyGFLTTPT40 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex01_Fxn10.26384.26384.32399 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.123 -0.565 1.821 0.037 0.690 0.378 2.131 -0.172 0.870 0.761 0.195 -1.045 0.862 -0.941 -0.756 -1.204 1.969 0.011 0.070 -0.772 -0.246 0.351 -0.676 2.172 1.352 0.275 1.327 2.225 1.976 2.129 2.225 -0.125 0.881 2.458 -0.349 2.218 -2.186 -0.304 1.385 -1.536 -2.058 -1.137 0.191 -0.671 -1.695

ENSP00000296755.7_S1076s_1_1_1076_1076ENSP00000296755.7 MAP1B 3 3 8.88 5.22 4.83 99 1 1 1 0 79.97 1.3 611.8 S1076s TMT10 1071 (K) QLGAQsPGR (E) QLGAQS(1.0)PGRTKQLGAQsPGREPAS41 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex02_Fxn10.8399.9061.21143 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+NA NA NA NA NA NA NA NA NA 0.114 0.148 -0.926 -0.459 0.288 0.701 -0.007 0.075 0.733 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

ENSP00000296755.7_S1171s_1_1_1171_1171ENSP00000296755.7 MAP1B 5 39 18.43 16.54 19.09 1.169 10 1 1 0 80.96 3.5 1251 S1171s N1184nTMT10 1165 (K) YESSLYsQEYSKPADVTPLnGFSEGSK(T) Y(0.0)ES(0.0)S(0.0)LY(0.0)S(0.99)QEY(0.0)S(0.0)KPADVT(0.0)PLN(1.0)GFS(0.0)EGS(0.0)KKYESSLYsQEYSKPA42 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex01_Fxn05.34766.34766.33671 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-1.928 -2.563 0.799 0.055 1.163 -0.124 0.516 -1.338 -2.592 -0.872 -0.003 -2.064 1.753 -1.704 0.848 -1.153 1.928 -0.722 2.164 1.304 -1.173 1.830 -1.803 -0.323 0.611 0.381 -1.290 -0.956 0.006 3.575 -1.380 -3.101 -1.710 -0.689 -1.194 -1.909 -0.266 -1.370 -0.883 2.575 1.715 0.026 -0.764 0.039 -1.023

ENSP00000296755.7_T1181t_1_1_1181_1181ENSP00000296755.7 MAP1B 5 34 20.43 20.2 18.99 4.17 12 1 1 0 80.94 -1.3 1168 T1181t N1184nTMT10 1165 (K) YESSLYSQEYSKPADVtPLnGFSEGSKTDATDGK(D) Y(0.0)ES(0.0)S(0.0)LY(0.0)S(0.0)QEY(0.0)S(0.0)KPADVT(0.99)PLN(1.0)GFS(0.0)EGS(0.0)KT(0.0)DAT(0.0)DGKYSKPADVtPLNGFSE43 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex01_Fxn03.30539.30539.44588 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-1.617 -1.410 2.434 -2.772 0.684 0.873 0.024 -0.291 -0.620 0.186 -1.060 -2.392 -1.281 0.083 0.622 -0.640 1.725 -0.289 -2.540 -2.304 -1.263 -0.971 -1.632 -2.795 -0.657 -2.149 -2.412 -0.226 1.756 0.237 1.106 0.532 -0.634 -0.497 -1.270 1.771 -1.132 3.479 -0.181 -0.654 -0.939 -0.790 -0.412 -1.193 1.219

ENSP00000296755.7_S1187s_1_1_1187_1187ENSP00000296755.7 MAP1B 5 33 22.74 23.2 25.44 1.465 12 1 1 0 80.94 -1.7 934.7 N1184n S1187sTMT10 1165 (K) YESSLYSQEYSKPADVTPLnGFsEGSKTDATDGK(D) Y(0.0)ES(0.0)S(0.0)LY(0.0)S(0.0)QEY(0.0)S(0.0)KPADVT(0.0)PLN(1.0)GFS(0.99)EGS(0.0)KT(0.0)DAT(0.0)DGKVTPLNGFsEGSKTDA44 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160823_FM_Medullo_Phosphoproteome_Plex04_Fxn07.31353.31353.54588 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-1.199 -0.225 1.218 -2.110 0.969 1.730 0.244 1.800 -2.292 -1.346 -1.854 -0.377 -3.284 -1.373 -0.147 -2.312 -1.069 -0.292 -1.067 -3.111 -1.213 0.293 -0.655 -2.202 -0.544 -1.545 -1.388 -0.952 0.926 -0.864 1.797 1.766 -1.006 -1.386 -2.123 1.924 -1.751 3.705 -0.355 -0.533 -1.575 -2.117 -0.122 -0.922 1.045

ENSP00000296755.7_S1208s_1_1_1208_1208ENSP00000296755.7 MAP1B 5 107 23.22 23.22 24.38 1.717 7 1 1 0 79.96 -1.4 1284 S1208s TMT10 1199 (K) DYNASASTIsPPSSMEEDK(F) DY(0.0)NAS(0.0)AS(0.0)T(0.0)IS(0.99)PPS(0.0)S(0.0)MEEDKNASASTIsPPSSMEE45 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex01_Fxn05.24116.24719.22487 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.676 -0.797 2.077 -1.066 0.434 1.036 0.427 -0.742 -1.339 0.212 -0.282 -1.492 -0.531 -1.445 -1.119 -1.945 0.677 -0.173 -0.243 0.047 -0.577 0.014 -0.064 -0.489 -0.533 -0.409 -1.031 -0.030 1.745 1.293 0.819 0.586 -0.194 -0.919 -1.409 1.748 -0.904 2.755 -0.408 0.330 -0.190 -0.566 -0.384 -0.895 0.891

ENSP00000296755.7_S1221s_1_1_1221_1221ENSP00000296755.7 MAP1B 2 3 15.26 8.93 8.4 5.281 3 1 1 0 79.96 -3.4 646.3 S1221s TMT10 1221 (R) sALRDAYCSEVK(A) S(0.99)ALRDAY(0.0)CS(0.0)EVKEEDKFSRsALRDAYC46 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160819_FM_Medullo_Phosphoproteome_Plex01_Fxn06.20806.20806.31857 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-1.304 -0.128 1.860 -1.504 0.392 0.357 -0.494 2.927 0.397 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.353 0.911 -0.895 0.122 -0.918 -1.462 -0.960 -0.692 -0.561 NA NA NA NA NA NA NA NA NA

ENSP00000296755.7_S1229s_1_1_1229_1229ENSP00000296755.7 MAP1B 4 6 8.7 8.7 8.7 4.891 2 1 1 0 79.96 -2.7 755.4 S1229s TMT10 1225 (R) DAYCsEVK (A) DAY(0.0)CS(0.99)EVKALRDAYCsEVKASTT47 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160822_FM_Medullo_Phosphoproteome_Plex03_Fxn05.15130.15130.21430 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.317 -0.394 1.143 -0.726 0.701 -0.835 -0.792 0.566 -0.683 NA NA NA NA NA NA NA NA NA 3.648 -0.875 -3.276 0.585 -1.854 0.085 0.948 -1.256 -0.061 0.250 1.220 -1.545 -0.570 -1.331 -0.868 -0.584 -1.635 0.569 -1.412 -0.600 -0.796 -1.358 -0.048 -1.622 -1.078 -0.443 0.254

ENSP00000296755.7_T1236t_1_1_1236_1236ENSP00000296755.7 MAP1B 5 11 9.43 9.43 6.81 1.355 3 1 1 0 79.97 -1 693.9 T1236t TMT10 1233 (K) ASTtLDIK (D) AS(0.0)T(0.0)T(0.99)LDIKSEVKASTtLDIKDSI48 1.1 3782 ENSP00000296755.7Human Human 3E+05 BL20160823_FM_Medullo_Phosphoproteome_Plex04_Fxn02.22933.22933.21307 microtubule associated protein 1Bmicrotubule associated protein 1BENSG00000131711.15ENST00000296755.125 chr5:72205237-72209565:+-0.498 -1.929 2.795 -1.842 1.207 -2.231 2.075 -1.372 2.404 -2.130 -2.268 -0.982 0.574 -2.245 -0.471 -0.343 -0.892 -1.648 2.438 -0.976 -3.467 0.146 -1.766 0.332 1.157 -0.432 1.589 2.289 0.451 -1.213 -1.634 -1.517 -1.644 3.065 -0.852 0.109 -1.690 -0.578 -1.705 0.209 0.113 -0.232 -1.305 2.174 -0.252
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Create vertical layout file: *-sample-annotation.csv

Sample.ID Participant Experiment Channel Type Aliquot Smoking.History Stage

Country.of

.Origin Age Gender Ethnicity

Cigarettes.

per.Day

Pack.Years

.Smoked

Secondha

nd.Smoke QC.status

C3L.02665 C3L-02665 1 126C Tumor CPT0192540004 Smoking history not availableIIB bulgaria 51 male caucasian Exposure to secondhand smoke history not availableQC.pass

C3L.02665.N C3L-02665 1 127N NAT CPT0192590004 Smoking history not available bulgaria 51 male caucasian Exposure to secondhand smoke history not availableQC.pass

C3L.01663 C3L-01663 1 127C Tumor CPT0091610003 Smoking history not availableIIIA usa 73 female caucasian Exposure to secondhand smoke history not availableQC.pass

C3L.01663.N C3L-01663 1 128N NAT CPT0091620003 Smoking history not available usa 73 female caucasian Exposure to secondhand smoke history not availableQC.pass

C3N.02575 C3N-02575 1 128C Tumor CPT0147680004 Current reformed smoker within past 15 yearsIA china 69 male han 40 100 Exposure to secondhand smoke history not availableQC.pass

C3N.02575.N C3N-02575 1 129N NAT CPT0147700003 Current reformed smoker within past 15 yearschina 69 male han 40 100 Exposure to secondhand smoke history not availableQC.pass

C3L.02546 C3L-02546 1 129C Tumor CPT0112650003 Current reformed smoker, more than 15 yearsIB usa 74 male caucasian 20 40 Exposure to secondhand smoke history not availableQC.pass

C3L.02546.N C3L-02546 1 130N NAT CPT0112660003 Current reformed smoker, more than 15 yearsusa 74 male caucasian 20 40 Exposure to secondhand smoke history not availableQC.pass

C3L.00965 C3L-00965 1 130C Tumor CPT0101130003 Current reformed smoker within past 15 yearsIIA russia 63 male white(caucasian) 20 42 Yes QC.pass

LUAD.Global.CR..pool.1. LUAD Global CR (pool 1)1 131N LUAD Global CR (pool 1) QC.fail

C3L.02963 C3L-02963 2 126C Tumor CPT0197090003 Current smoker: Includes daily and non-daily smokersI usa 71 male caucasian 20 56 Exposure to secondhand smoke history not availableQC.pass

C3L.02963.N C3L-02963 2 127N NAT CPT0197100003 Current smoker: Includes daily and non-daily smokersusa 71 male caucasian 20 56 Exposure to secondhand smoke history not availableQC.pass

C3N.04162 C3N-04162 2 127C Tumor CPT0222730003 Lifelong non-smoker: Less than 100 cigarettes smoked in lifetimeIIA ukraine 46 male slavic Exposure to secondhand smoke history not availableQC.pass

C3N.04162.N C3N-04162 2 128N NAT CPT0222740003 Lifelong non-smoker: Less than 100 cigarettes smoked in lifetimeukraine 46 male slavic Exposure to secondhand smoke history not availableQC.pass

C3L.02646 C3L-02646 2 128C Tumor CPT0202530004 Current smoker: Includes daily and non-daily smokersIIIA bulgaria 74 male caucasian 50 5 Exposure to secondhand smoke history not availableQC.pass

C3L.02646.N C3L-02646 2 129N NAT CPT0202580004 Current smoker: Includes daily and non-daily smokersbulgaria 74 male caucasian 50 5 Exposure to secondhand smoke history not availableQC.pass

C3N.02285 C3N-02285 2 129C Tumor CPT0126740003 Current reformed smoker within past 15 yearsIIB poland 72 female caucasian 15 35.3 Exposure to secondhand smoke history not availableQC.pass

C3N.02285.N C3N-02285 2 130N NAT CPT0126760003 Current reformed smoker within past 15 yearspoland 72 female caucasian 15 35.3 Exposure to secondhand smoke history not availableQC.pass

C3N.03875 C3N-03875 2 130C Tumor CPT0237410004 Current reformed smoker within past 15 yearsIB china 68 male han 20 Exposure to secondhand smoke history not availableQC.pass

C3N.03875.N C3N-03875 2 131N NAT CPT0237430003 Current reformed smoker within past 15 yearschina 68 male han 20 Exposure to secondhand smoke history not availableQC.pass

C3N.03424 C3N-03424 3 126C Tumor CPT0245780003 Current reformed smoker, more than 15 yearsIA poland 74 male caucasian Unknown Exposure to secondhand smoke history not availableQC.pass

C3N.03424.N C3N-03424 3 127N NAT CPT0245790003 Current reformed smoker, more than 15 yearspoland 74 male caucasian Unknown Exposure to secondhand smoke history not availableQC.pass

C3N.01017 C3N-01017 3 127C Tumor CPT0069890003 Current smoker: Includes daily and non-daily smokersIIB vietnam 56 male asian 5 5 No or minimal exposure to secondhand smokeQC.pass

C3N.01017.N C3N-01017 3 128N NAT CPT0069900003 Current smoker: Includes daily and non-daily smokersvietnam 56 male asian 5 5 No or minimal exposure to secondhand smokeQC.pass

C3L.00081 C3L-00081 3 128C Tumor CPT0001020003 Lifelong non-smoker: Less than 100 cigarettes smoked in lifetimeIIA usa 61 female caucasian Exposure to secondhand smoke history not availableQC.pass

C3L.00081.N C3L-00081 3 129N NAT CPT0001030003 Lifelong non-smoker: Less than 100 cigarettes smoked in lifetimeusa 61 female caucasian Exposure to secondhand smoke history not availableQC.pass

C3L.02649 C3L-02649 3 129C Tumor CPT0204800003 Current reformed smoker within past 15 yearsIIIA bulgaria 62 male caucasian 40 Yes QC.pass

C3L.02649.N C3L-02649 3 130N NAT CPT0204820003 Current reformed smoker within past 15 yearsbulgaria 62 male caucasian 40 Yes QC.pass

C3L.01838 C3L-01838 3 130C Tumor CPT0091820003 Current reformed smoker, more than 15 yearsIB usa 70 male caucasian 20 33 Exposure to secondhand smoke history not availableQC.pass

LSCC.Tumor.ONLY.CR LSCC Tumor ONLY CR 3 131N LSCC Tumor ONLY CR QC.fail

C3N.02252 C3N-02252 4 126C Tumor CPT0128890003 other 68 female QC.pass

C3N.02252.N C3N-02252 4 127N NAT CPT0128900003 other 68 female QC.pass

C3L.03963 C3L-03963 4 127C Tumor CPT0227400003 Current smoker: Includes daily and non-daily smokersIIB bulgaria 73 male caucasian 20 60 Yes QC.pass

C3L.03963.N C3L-03963 4 128N NAT CPT0227420003 Current smoker: Includes daily and non-daily smokersbulgaria 73 male caucasian 20 60 Yes QC.pass

C3N.03072 C3N-03072 4 128C Tumor CPT0209020004 Current reformed smoker within past 15 yearsIIIA china 62 male han 20 Exposure to secondhand smoke history not availableQC.pass

C3N.03072.N C3N-03072 4 129N NAT CPT0209040003 Current reformed smoker within past 15 yearschina 62 male han 20 Exposure to secondhand smoke history not availableQC.pass

C3L.02969 C3L-02969 4 129C Tumor CPT0217420003 Current reformed smoker within past 15 yearsI usa 76 male caucasian 20 45 Exposure to secondhand smoke history not availableQC.pass

C3L.02969.N C3L-02969 4 130N NAT CPT0217490003 Current reformed smoker within past 15 yearsusa 76 male caucasian 20 45 Exposure to secondhand smoke history not availableQC.pass

C3N.03662 C3N-03662 4 130C Tumor CPT0219360003 Lifelong non-smoker: Less than 100 cigarettes smoked in lifetimeIIA ukraine 64 male slavic Exposure to secondhand smoke history not availableQC.pass

C3N.03662.N C3N-03662 4 131N NAT CPT0219390003 Lifelong non-smoker: Less than 100 cigarettes smoked in lifetimeukraine 64 male slavic Exposure to secondhand smoke history not availableQC.pass

C3N.03051 C3N-03051 5 126C Tumor CPT0208770003 Current smoker: Includes daily and non-daily smokersIIIA china 65 male han 20 Exposure to secondhand smoke history not availableQC.pass

• Manually create file, place in SM data directory
• Automatically read by script: parseSMreport.r
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Parsed Report - Normalized, Formatted - TXT

• Revise headers based on reporter_sample_template.txt
• Keep only useful columns
• Normalize TMT ratios
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Auxiliary Files
reporter_sample_template.txt

• Manually create file

 Sort columns into order desired in output

 Place in SM data directory

• Automatically read by script: parseSMreport.r

*norm-stats.txt

This file is automatically generated
by the script:
normalizeReporterRatios.r
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Create horizontal layout file:  reporter_sample_template.txt
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TMT ratio Distributions – Normalized by median/SD of ECM(no Coll) - SGS
proteinProteinCentricColumnsExport.SGS.10-ratio-normmedianSD-ECMnoCOL-ECM-Protein-distributions4EnC.pdf
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TMT ratio Distributions – Unnormalized LM2 denom - SGS
proteinProteinCentricColumnsExport.SGS.10-ratio-ECM-Protein-distributions4EnC.pdf
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Automation

Service Request Manager (SRM)

and Workflows
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Simple Workflow – Broad Institute QC sample

Task parameter
preview in

normal layout
(inactive)

List of tasks
in workflow
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Mechanisms for Controlling Processes - Service Request Manager (SRM)

runXtractor.pl

batchTagPara.pl

validateTable.pl

summaryPP.pl

*.mzXML, specFeatures.1.tsv

spo.zip, tagSummary.1.tsv

hitTable.1.tsv, spectrumTable.1.tsv

reportMode.1.ssv

Task D

•script

•params

•dataDir(s)
Results D

Results C

Results B

Task C

•script

•params

•dataDir(s)

Task B

•script

•params

•dataDir(s)

workflow.pl

workflow.htm

submitRequest.exe
submitRequest.pl

queueStatus.exe

xtractor.htm

batchTagPara.htm

autovalidate.htm

summaryPP.htm

Workflow mode

Individual Task mode

SRMHostSvc.exe

Processor 1

Processsor 2

Processor n

…

Processor Pool

Task A

Task B

Task Z

…

Request Queue

Task A

•script

•params

•dataDir(s)

Results A

Workflow W

• xtractor.nameX.params

• mstag.nameM.params

• autovalidation.nameA.params

Completion log
Task A

Task B

Task C

…

Task Z

viewRequestsLog.pl

SRM coordinates 

task execution on 

the queue to 

maximize CPU 

usage while 

maintaining 

workflow order 

dependencies

Tasks in each 

user’s workflow 

execute in serial 

eyes peeking, not rocket ships blasting off
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SRM Request Queue Status

User A’s workflow 

executes

in parallel with 

user B’s workflow 

Any user can 

add/remove tasks 

from queue
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SRM Completion Log

If a task fails, 

the SRM 

aborts all 

subsequent 

tasks in the 

workflow



73

Edit Workflow User Interface
Edit an existing

workflow to replace 

a task

Task parameter

preview in

normal layout

(inactive)



74

Workflow and Saved Parameter files

requestScript paramsFile

runXtractor.pl CPTAC3human\xtractor.CPTAC-TMT11fullLysonly_HCD_v4_35_Xcent_800_6000_45sec_z6.params

batchTagPara.pl CPTAC3human\mstag.LSCC_Phospho_TMT11FullLysOnly_Phospho_v4_CU_AmqcstynG_GencodeNuORFs.params

validateTable.pl CPTAC3human\autovalidation.CPTAC_peptidevalidation_z24_acrossRun_MSL7_0_8_BCS3.params

validateTable.pl CPTAC3human\autovalidation.CPTAC_peptidevalidation_z56_acrossDir_MSL7_0_4_BCS3.params

msparams_dir=msparams_mill%2F
seqdb_dir=D%3A%5CSeqDB%5C
requestScript=batchTagPara.pl
input_program_name=mstag
removeResults=1
hide_html_links=1
validationState=spectrum-not-marked-sequence-not-validated
batchSize=500
max_reported_hits=5
database=Gencode_v34_3nr.602contams.2043smorfs.nuORFv1.
110LSCCgs.fasta
full_mw_range=1
full_pi_range=1
results_to_file=1
use_instrument_ion_types=1
species=All
enzyme=Trypsin%20allow%20P
missed_cleavages=4
fixedMods=carbamidomethylationCU
fixedMods=TMT11-Full-Lys
varMods=Acetyl
varMods=Oxidized-Methionine
varMods=pyroGlu
varMods=Deamidated-NG
varMods=Phosphorylated-S
varMods=Phosphorylated-T
varMods=Phosphorylated-Y
varMods=pyroCarbamidomethylCys
instrument_nameMSMS=3
instrument_name=ESI-QEXACTIVE-HCD-v4-35-20
minMatchedPercent=30
parent_mass_convert=monoisotopic
parent_mass_tolerance=20
tolerance_units_precursor=ppm
fragment_mass_tolerance=20
tolerance_units=ppm
max_ms_prod_charge=3
search_type=variable
enable_multiple_mods=1
user_min_parent_shift=-18.0
user_max_parent_shift=272
parent_shift_type=%2B%2F-
parent_shift=130.0
mutation_matrix_off=0
star_ions_off=1
homology_gap_mode=0
unknome=1
dissociationMethod=ALL
spectrumFilenames=%2A.pkl
contaminantProductIonsScoreFilter=4.5
=

workflow.LSCC_phospho_TMT11_v4_Gencode_nuORFs_EMAA.tsv

Workflow file lists each task and its parameter file name

Workflows and saved parameters files located at:

SpectrumMill/millauto

mstag.LSCC_Phospho_TMT11FullLysOnly_Phospho_v4_CU_AmqcstynG_GencodeNuORFs.params

Parameter file lists:
name=value
pairs
Perl-CGI style

Same as .params files
written in each SM
data directory
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Quality Metrics

Troubleshooting
• LC Gradient and column performance
• Measuring data acquisition strategy changes
• Mass calibration drift
• MS ion optics performance
• Digestion efficiency
• IMAC phospho enrichment
• TMT/iTRAQ labeling efficiency
• Cysteine reduction/alkylation failure
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Quality Metrics & FDR

Concepts for some of these metrics were developed and described in: Rudnick PA, Clauser KR, Kilpatrick LE, et. 

al., "Performance metrics for liquid chromatography-tandem mas spectrometry systems in proteomics analyses", 

Mol Cell Proteomics. 2010 Feb;9(2):225-41 (http://www.ncbi.nlm.nih.gov/pubmed/19837981).

http://www.ncbi.nlm.nih.gov/pubmed/19837981


77

Comment

Pep 

Match

 MS/MS 

spectra 

collect

ed C 

 MS/MS 

spectra 

collect

ed MI 

m/z = 

0.0 

 MS/MS 

spectra 

filtered 

F 

 MS/MS 

spectra 

valid V 

 MS/MS 

spectra 

valid 

MI m/z 

= 0.0 

Medi

an ID 

Scor

e

Mean 

Precu

rsor 

Mass 

Error 

(ppm)

Start 

time 

mid 90 

%  run 

(min)

End 

time 

mid 90 

%  run 

(min)

Time 

span 

mid 90 

%  run 

(min)

Gradient 

Shape 

mid 90 % 

filtered 

spectra 

in run

Media

n MS1 

peak 

width 

mid 90 

% run 

(sec)

Total 

precurso

r XIC 

mid 90 % 

matched 

spectra 

in run

PIP 

bin 1 

100- 

90 

Spec

tra 

(%)

PIP 

bin 6 

<50 

Spec

tra 

(%)

 

Distinct 

Peps 

CS 

Total 

(#) 

FDR 

Spec

tra 

(%)

on 52,270 -       47,892 34,811 -       12.07 0.3 21 98 78 9997754 12 6.15E+13 22.1 9.7 27,929 0.72
 Isolation 

width 

decreased 

2.5 to 2.0 on 51,827 -       49,963 36,876 -       12.68 1.1 17 98 81 9987753 12 6.31E+13 29.7 6.4 29,598 0.73

LC-Klaus on 49,015 -       47,140 32,487 -       11.73 -0.2 18 98 80 9999876 15 5.35E+13 26.1 9.4 26,176 0.78

pref 60,705 19,121 57,497 38,127 8,198   11.79 2.2 21 100 79 9897654 11 4.88E+13 27.0 7.6 30,759 0.87
16 min 

longer 

gradient, 

i solation 

width 

decreased 

2.0 to 1.6 pref 68,003 23,946 63,633 42,998 10,670 12.36 -0.4 20 115 94 8898754 13 6.13E+13 35.0 4.8 34,719 0.96

MS and Chromatography Metrics
Measure effect of changes in acquisition parameters and chromatography 

on newly installed QExactive Plus at Broad Institute 

Narrowed 

isolation width

Lengthened 

Gradient

Pep Match (on/pref)

Precursor isotope cluster
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Quality Metrics - Selected Peptide RTs vs gold standard run

Namrata Udeshi

Interactive graphics

Python script feeds

Bokeh

javascript library

SeqDB\peptideQMlists\*.txt
Lists of readily observable 
human peptides in cell 
lysates. 

G
o

ld
 S

ta
n

d
ar

d

Current Experiment
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Tracking Digestion Efficiency
80

PSM’s

Peptides (#)
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BRCA cohort prior to CPTAC process harmonization efforts led  to improved digestion

SM quality metric table values,
chart in Excel

Lab: BI PNNL JHU BI
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Phosphorylation Quality Metrics

Directory

Raw 

Files

 MS/MS 

spectra 

valid V 

s|t|y 

Sites 

spectra 

(%)

 s|t|y 

Sites 

spectra 

(#) 

s|t|y 

Sites 

Localized 

spectra 

(%)

 s|t|y 

Sites 

Distinct 

Peptides 

(CI#) 

s|t|y 

Sites 

Distinct 

Peptides 

(CI%)

s|t|y 

Sites 

FDR 

Spectra 

(%)

s|t|y 

Sites 

FDR 

Distinct 

Peptide 

(%)

 s|t|y 

Sites 

Distinct 

Peptides 

(CI#) 

FDR 

Spectra 

(%)

FDR 

Distinct 

Peptide 

(%)

 Distinct 

Peptides 

(CI#) 
CPTAC2/Phosphoproteome2/01TCGA_AO-A12D_C8-A131_AO-A12B_2013021313 77,152          94.5 72,930      56.4 32,179       92.4 0.47 0.92 32,179       0.51 0.98 34,830        

CPTAC2/Phosphoproteome2/02TCGA_E2-A10A_BH-A18Q_C8-A130_2013022813 82,578          90.0 74,288      55.7 31,843       85.9 0.51 1.00 31,843       0.52 0.98 37,072        

CPTAC2/Phosphoproteome2/03TCGA_C8-A138_E2-A154_BH-A0BZ_2013030113 91,894          77.8 71,460      57.0 31,193       75.6 0.48 0.95 31,193       0.50 0.96 41,256        

CPTAC2/Phosphoproteome2/04TCGA_A8-A09I_C8-A12L_A2-A0EX_20130032113 98,744          72.6 71,690      57.9 31,921       68.1 0.57 1.12 31,921       0.51 0.96 46,887        

CPTAC2/Phosphoproteome2/05TCGA_AO-A12D_AN-A04A_BH-A0AV_20130032213 90,028          83.4 75,068      57.6 31,748       78.2 0.49 1.05 31,748       0.50 0.98 40,620        

CPTAC2/Phosphoproteome2/06TCGA_A2-A0D0_BH-A0HK_C8-A12T_20130032913 96,310          53.2 51,264      58.7 22,933       51.4 0.64 1.18 22,933       0.51 0.93 44,613        

CPTAC2/Phosphoproteome2/07TCGA_A8-A06Z_A2-A0D1_A2-A0CM_2013033013 83,351          73.0 60,858      58.4 26,668       68.9 0.54 1.03 26,668       0.47 0.86 38,695        

CPTAC2/Phosphoproteome2/08TCGA_BH-A18U_A2-A0YI_A2-A0EQ_2013042313 102,722        66.7 68,521      55.1 30,355       66.3 0.65 1.23 30,355       0.49 0.92 45,811        

CPTAC2/Phosphoproteome2/09TCGA_AR-A0TY_AR-A0U4_BH-A0HP_2013042613 87,016          67.1 58,360      55.5 27,513       65.1 0.62 1.19 27,513       0.51 0.91 42,250        

CPTAC2/Phosphoproteome2/10TCGA_BH-A0EE_AO-A0J9_BH-A0E0_2013042613 88,406          78.5 69,368      55.7 29,632       74.7 0.58 1.15 29,632       0.52 1.00 39,650        

CPTAC2/Phosphoproteome2/11TCGA_AR-A1AP_AN-A0FK_AO-A0J6_2013060513 60,593          92.5 56,029      49.4 25,075       90.0 0.52 0.95 25,075       0.50 0.89 27,864        

CPTAC2/Phosphoproteome2/12TCGA_BH-A18V_A7-A13F_BH-A0E1_2013053113 63,858          94.1 60,117      50.5 26,540       92.5 0.45 0.81 26,540       0.45 0.80 28,689        

CPTAC2/Phosphoproteome2/13TCGA_A7-A0CE_BH-A0C0_A2-A0YC_2013053113 81,810          85.2 69,701      49.5 28,186       79.7 0.51 0.93 28,186       0.49 0.86 35,384        

CPTAC2/Phosphoproteome2/14TCGA_AO-A0JC_A8-A08Z_AR-A0TX_2013060613 68,580          90.7 62,196      48.5 26,335       87.6 0.49 0.92 26,335       0.49 0.91 30,077        

CPTAC2/Phosphoproteome2/15TCGA_D8-A13Y_A8-A076_AO-A126_2013062113 80,970          95.0 76,933      57.2 31,203       92.8 0.47 0.97 31,203       0.50 1.02 33,629        

CPTAC2/Phosphoproteome2/16TCGA_C8-A12P_BH-A0C1_A2-A0EY_2013062813 83,601          93.1 77,874      56.2 32,908       90.0 0.46 0.91 32,908       0.49 0.91 36,573        

CPTAC2/Phosphoproteome2/17TCGA_AR-A1AW_AR-A1AV_C8-A135_2013070213 71,216          94.5 67,305      56.7 29,337       91.9 0.48 0.95 29,337       0.49 0.93 31,907        

CPTAC2/Phosphoproteome2/18TCGA_A2-A0EV_AN-A0AM_D8-A142_2013072413 71,290          93.9 66,930      53.0 27,688       91.6 0.47 0.91 27,688       0.49 0.93 30,234        

CPTAC2/Phosphoproteome2/19TCGA_AN-A0FL_BH-A0DG_AN-A0AS_2013083013 85,670          92.5 79,252      55.9 35,012       90.2 0.5 0.98 35,012       0.51 0.97 38,814        

CPTAC2/Phosphoproteome2/20TCGA_AR-A0TV_C8-A12Z_AO-A0JJ_2013083113 85,860          94.7 81,314      55.8 35,404       93.1 0.48 0.96 35,404       0.51 1.00 38,046        

CPTAC2/Phosphoproteome2/21TCGA_AO-A0JE_A2-A0T2_AN-A0AJ_2013090113 90,324          96.6 87,277      55.3 35,215       95.1 0.47 0.98 35,215       0.50 1.04 37,043        

CPTAC2/Phosphoproteome2/22TCGA_A7-A0CJ_AO-A12F_A2-A0YL_2013090413 83,748          97.5 81,684      56.0 34,594       96.3 0.46 0.97 34,594       0.49 1.01 35,935        

CPTAC2/Phosphoproteome2/23TCGA_A2-A0T7_C8-A12Q_A8-A079_2013090513 84,628          94.6 80,032      55.2 31,800       92.1 0.43 0.94 31,800       0.46 0.98 34,537        

CPTAC2/Phosphoproteome2/24TCGA_E2-A159_A2-A0T3_A2-A0YD_2013090613 75,699          95.7 72,416      55.4 28,790       93.8 0.46 0.97 28,790       0.48 0.99 30,697        

• Track level of phospho enrichment 

across IMAC experiments  

• Separate FDR calculation for 

phosphopeptides and all peptides
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Determining if you should relabel your samples

N-term K

N-term
R

N-term K

N-term R

pyro, ac N-term

Fully

N-term K

Partial

Possibilities

N-term K

N-term K

No labeling

N-term R

K

K

Can’t be labeled

R

A

B

C

D

Labeled – PSMs from A+B 

Fully labeled – PSMs from A excluding A3 

1

2

3

1

2

1

2

3

1

No label – PSMs from C and D

Partially labeled – PSMs from B

Completely labeled: 100- (Partially labeled + No label)

Metrics to determine if the samples should be relabeled
Underlabeled = B + C = Partially labeled + No label
Completely labeled = 100- (B + C) = 100 -(Partially labeled + No label)

pyro, ac N-term

pyro, ac N-term

Zecha MCP 2019 SM terminology conflicts with Zecha 2019



84

SM Quality Metrics – TMT labeling

ProteomeDirectory

 MS/MS 

spectra 

valid V 

Isobaric 

Labeled 

Spectra 

(%)

Isobaric 

Fully 

Labeled 

Spectra 

(%)

Isobaric 

No 

Label 

Spectra 

(%)

Isobaric 

Partially 

Labeled 

Under-

labeled 

both 

Spectra 

(%)

Isobaric 

Complete

ly 

Labeled 

Spectra 

(%)

Isobaric 

Only 

Lys 

Label 

Spectra 

(%)

Isobaric 

Only 

Nterm 

Label 

Under-

labeled 

Lys 

Spectra 

(%)

Isobaric 

Only Lys 

Label 

Under-

labeled 

N-term 

Spectra 

(%)

Isobaric 

No Label 

Under-

labeled 

both 

Spectra 

(%)

Isobaric 

Under-

labeled 

total 

Spectra 

(%)

PSMs 

Contai

ning 

s|t|y 

(#)

Karl/Zecha_MCP_2019/ProteomeOverlabel/01Proteome_Broad305,976  97.2 93.6 2.8 2.6 94.6 3.1 0.5 2.1 0.3 2.9 34855

Karl/Zecha_MCP_2019/ProteomeOverlabel/Compref_proteome_reducedTMT296,635  96.0 91.6 4.0 3.5 92.6 3.8 0.6 2.8 0.5 3.9 34391

Proteome PSMs F P U O DP FDR

Mertins 305,976  94.6 2.6 0.3 11.4 163,322  0.6

Zecha 296,635  92.6 3.5 0.5 11.6 168,606  0.6

PhosphoDirectory

 MS/MS 

spectra 

valid V 

Isobaric 

Labeled 

Spectra 

(%)

Isobaric 

Fully 

Labeled 

Spectra 

(%)

Isobaric 

No 

Label 

Spectra 

(%)

Isobaric 

Partially 

Labeled 

Under-

labeled 

both 

Spectra 

(%)

Isobaric 

Complete

ly 

Labeled 

Spectra 

(%)

Isobaric 

Only 

Lys 

Label 

Spectra 

(%)

Isobaric 

Only 

Nterm 

Label 

Under-

labeled 

Lys 

Spectra 

(%)

Isobaric 

Only Lys 

Label 

Under-

labeled 

N-term 

Spectra 

(%)

Isobaric 

No Label 

Under-

labeled 

both 

Spectra 

(%)

Isobaric 

Under-

labeled 

total 

Spectra 

(%)

Karl/Zecha_MCP_2019/Phosphoproteome/01Phosphoproteome_Broad88,921    98.1 92.5 1.9 3.9 94.2 4.8 0.7 3.2 0.3 4.1

Karl/Zecha_MCP_2019/Phosphoproteome/Compref_IMAC_ReducedTMT90,734    97.2 89.3 2.9 6.2 91.0 7.0 0.8 5.4 0.3 6.4

P F U

Phospho PSMs F P U O DP FDR

Mertins 88,921    94.2 3.9 0.3 - 42,124    0.9

Zecha 90,734    91.0 6.2 0.3 - 42,785    0.8

F PSMs with all available amine groups are labeled. (includes fully labeled, blocked N-terms) 

P PSMs with a label, but also unlabeled amine on N-term or Lysine. 

U PSMs with no label, but have unlabeled amine on N-term or Lysine.

O PSMs with a label on Ser,Thr, Tyr; in peptides that contain His

Fully labeled - old 

PSMs with an N-terminal label 

and a label on Lys (if present).

Excludes blocked N-termini 

(acetyl or pyro) on peptides with 

labeled lysines. 

Completely labeled - new

100 - No label - Partially labeled

Includes blocked N-termini

(acetyl or pyro) on peptides with 

labeled lysines. 

Too confusing!

should eliminate column: Fully
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Tumor/NAT – Evaluate Relative Peptide Load Across Samples

SM quality metric – TMT channel balance
PSM level reporter ion ratio
(summed intensity of all PSMs
Each reporter ion/common ref ) 

T N T N T N T N T/N

Phosphoproteome
Tumors tend to yield more

phosphorylated material than NATs

Proteome
LSCC tighter thresholds applied for mixing controls
+/- 15% (LSCC) from CR instead of +/-25%(LUAD) 

LSCC LUAD

126C_ 127N_ 127C_ 128N_ 128C_ 129N_ 129C_ 130N_ 130C_ plex
1.38 0.68 0.69 0.77 1.03 0.93 1.23 0.79 1.42 1
1.78 0.72 1.17 0.48 0.75 0.42 1.31 0.95 0.77 2
1.28 0.86 1.32 0.64 1.08 0.51 1.50 0.97 1.33 3
1.02 0.62 1.63 0.87 1.16 0.95 1.36 0.89 0.78 4
1.18 0.85 0.81 0.80 0.71 0.48 1.01 0.84 1.33 5
1.05 0.63 1.41 0.82 0.87 0.73 1.26 0.80 1.55 6
1.63 0.85 0.88 0.58 1.24 0.49 1.28 0.65 0.98 7
1.43 0.92 1.12 0.86 1.21 0.72 1.16 0.63 1.36 8
1.34 0.37 1.39 0.72 1.22 0.67 1.07 0.25 1.29 9
1.03 0.76 1.40 0.61 1.28 0.66 0.92 0.39 1.70 10
1.19 1.01 1.30 0.59 1.15 0.53 1.66 0.35 0.73 11
1.21 0.61 1.38 0.35 1.46 0.90 0.83 0.27 0.91 12
1.12 0.36 0.58 0.44 1.13 0.90 1.45 0.65 1.18 13
1.24 0.98 1.15 0.53 1.47 0.63 1.27 0.75 1.32 14
1.85 0.87 1.48 0.86 1.56 0.89 1.11 0.93 1.41 15
1.91 1.08 1.74 0.59 1.75 0.69 1.39 0.67 1.25 16
1.13 0.97 1.52 0.95 1.21 1.02 1.38 0.87 1.65 17
1.14 0.88 1.48 0.93 1.14 0.77 1.04 0.35 0.89 18
1.33 1.06 1.29 0.89 1.04 0.34 1.03 0.83 0.88 19
1.34 1.24 1.76 1.14 1.66 0.90 1.33 0.80 1.30 20
1.68 1.03 1.23 0.62 1.20 0.69 1.08 1.03 1.37 21
1.54 0.80 1.64 0.98 0.91 0.28 1.65 0.69 1.20 22
1.59 0.60 1.46 0.57 1.15 0.71 1.77 0.80 1.52 23
0.95 0.87 1.03 0.75 1.32 0.39 1.01 0.74 0.70 24
1.15 0.46 1.18 0.82 1.25 0.82 1.48 0.74 0.74 25

126C_

131

127N_

131

127C_

131

128N_

131

128C_

131

129N_

131

129C_

131

130N_

131

130C_

131 plex
1.30 0.98 0.90 0.92 0.99 0.97 1.07 0.90 1.21 1
1.50 1.10 1.17 0.67 0.89 0.80 1.08 1.14 0.99 2
1.28 1.16 1.17 1.02 1.08 0.90 1.10 1.03 1.12 3
1.26 1.01 1.25 1.11 1.00 0.91 1.15 1.01 1.00 4
1.33 1.26 0.83 0.91 0.93 0.81 1.12 0.97 1.12 5
1.20 1.05 1.09 1.10 0.89 1.03 1.21 1.00 1.34 6
1.27 1.11 1.15 0.93 1.19 0.81 1.12 0.90 0.89 7
1.24 1.31 1.06 0.96 1.05 0.88 1.01 1.00 1.08 8
1.17 0.59 1.11 0.92 0.90 0.80 0.95 0.56 1.08 9
1.22 1.07 1.14 0.90 0.91 0.88 1.01 0.87 1.12 10
1.21 1.16 1.22 0.83 1.13 0.70 1.16 0.71 0.92 11
1.01 0.88 1.04 0.68 1.16 0.99 1.03 0.64 0.90 12
1.09 0.98 0.82 0.87 0.90 0.96 0.98 0.85 0.94 13
1.16 1.16 0.98 0.91 1.12 0.84 1.05 0.99 1.10 14
1.35 1.04 1.13 1.01 1.15 0.90 1.11 1.01 1.21 15
1.41 1.03 1.13 0.95 1.18 0.93 1.07 0.95 1.01 16
1.11 1.11 1.20 1.15 1.05 1.08 1.08 0.92 1.10 17
1.16 1.08 1.06 1.07 1.07 0.87 1.00 0.66 1.06 18
1.29 1.14 1.20 1.01 0.97 0.64 1.11 0.93 1.31 19
1.30 1.25 1.24 1.13 1.19 0.94 0.99 0.89 1.07 20
1.47 1.14 1.18 0.96 1.20 0.87 1.15 1.03 1.22 21
1.37 0.99 1.29 0.96 1.08 0.57 1.43 0.77 1.46 22
1.22 0.84 1.09 0.79 0.93 0.80 1.24 0.99 1.18 23
1.00 1.02 1.06 0.88 1.02 0.60 1.11 0.86 0.82 24
0.96 0.86 1.09 0.85 1.39 0.89 1.14 0.90 0.92 25

plex

126C_

131C

127N_

131C

127C_

131C

128N_

131C

128C_

131C

129N_

131C

129C_

131C

130N_

131C

130C_

131C

131N_

131C
1 1.38 0.97 1.07 0.89 1.09 1.03 0.97 0.99 1.25 0.94
2 1.14 0.99 1.35 1.07 1.11 0.84 0.94 1.02 1.25 0.94
3 1.17 1.14 1.12 0.92 1.04 0.98 1.05 1.00 0.95 1.04
4 1.16 1.18 1.09 0.99 1.07 0.97 1.05 1.00 1.03 1.05
5 1.13 1.17 1.05 0.86 0.97 1.00 0.90 0.99 1.05 1.07
6 1.17 0.87 1.07 0.85 1.05 0.87 1.10 0.93 1.22 0.89
7 1.10 1.04 1.14 1.12 1.19 0.96 1.01 1.00 1.08 1.10
8 1.00 0.97 0.91 0.91 1.00 0.86 0.96 0.89 0.97 0.92
9 1.17 1.10 1.24 0.99 1.02 0.99 1.08 1.02 1.08 0.94

10 0.95 1.02 1.15 1.01 0.94 1.05 1.05 1.02 1.01 0.96
11 1.17 0.91 1.13 1.04 1.06 1.09 1.10 0.82 1.07 0.95
12 1.09 1.05 0.96 0.98 1.09 1.03 0.98 1.00 1.10 1.03
13 1.08 1.01 1.13 1.04 1.19 1.09 1.12 1.02 1.12 1.09
14 1.13 1.00 1.14 0.97 0.99 0.93 0.92 0.90 0.92 0.85
15 1.10 1.09 1.05 0.95 1.09 1.02 1.15 0.99 1.32 1.06
16 1.07 0.94 1.02 0.95 1.14 0.96 1.08 0.92 1.03 0.90
17 1.21 1.10 1.09 0.98 1.04 1.00 1.07 0.93 0.93 0.93
18 1.31 1.08 1.27 1.10 1.09 0.94 1.15 0.89 1.15 0.97
19 1.14 1.07 1.15 1.03 1.05 1.01 1.05 1.01 1.04 0.84
20 1.07 0.99 1.06 0.97 1.21 0.96 1.09 0.99 1.07 0.91
21 1.17 1.03 1.16 1.13 1.10 1.00 1.07 0.97 1.08 1.09
22 1.16 1.04 1.20 0.81 1.09 1.01 1.25 0.98 1.08 0.98

T N T N T N T N T T/N

plex 126C_131C127N_131C127C_131C128N_131C128C_131C129N_131C129C_131C130N_131C130C_131C131N_131C
1 1.83    0.63    1.27    0.72    1.11    0.83    1.08    0.90    1.64    0.88    
2 0.89    0.48    1.58    0.96    1.26    0.49    1.19    0.91    1.75    0.92    
3 1.13    0.99    1.00    0.47    1.15    1.02    1.02    0.48    0.94    1.18    
4 1.37    1.03    0.91    0.71    1.28    0.81    1.13    0.72    1.10    0.87    
5 1.25    0.97    0.68    0.55    1.08    0.97    0.63    0.73    1.08    0.95    
6 0.94    0.60    1.17    0.46    1.22    0.80    1.15    0.86    1.41    0.76    
7 1.32    0.73    1.22    1.16    1.41    0.70    1.13    0.84    1.16    1.23    
8 0.80    0.79    0.75    0.82    1.10    0.69    0.83    0.55    0.90    0.82    
9 1.13    1.12    1.83    0.90    1.11    0.80    1.33    0.87    1.48    0.88    

10 1.32    0.95    1.20    0.79    1.04    0.94    1.17    0.98    1.18    0.76    
11 1.25    0.57    1.34    0.82    1.08    1.10    1.20    0.48    1.02    0.82    
12 0.91    0.73    1.15    0.81    0.96    0.72    1.07    0.83    1.34    1.17    
13 1.11    0.79    1.43    0.99    1.39    1.13    1.31    0.92    1.23    1.21    
14 1.33    0.77    1.32    0.84    1.23    0.91    1.22    0.85    0.99    0.87    
15 1.07    0.81    0.94    0.78    1.28    0.90    1.28    0.80    1.70    1.16    
16 0.97    0.78    0.96    0.77    1.24    0.76    1.53    0.77    1.26    0.86    
17 1.34    1.12    1.29    0.82    1.24    0.89    1.48    0.80    0.96    0.81    
18 1.73    0.95    0.90    1.12    1.07    0.80    1.22    0.55    1.53    0.78    
19 0.87    0.65    1.37    0.97    1.21    0.91    1.03    0.78    1.26    0.80    
20 1.15    0.87    0.85    0.72    1.43    0.64    1.14    0.79    1.31    0.76    
21 1.33    0.77    0.97    1.06    1.32    0.89    1.17    0.61    0.78    1.16    
22 1.17    0.91    1.47    0.45    1.09    0.91    1.65    0.83    1.21    0.88    

SM quality metric table values, coloring done in Excel
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SM Quality Metrics Plots – TMT Ratio vs Retention Time Decile
Tumor 

plexes

1,5,11-13

All the LC-MS/MS runs were split up into 
retention time deciles. Ie from the RT 
range 20-100 minutes, 10 bins, each bin is 
8 minutes wide. Then take the median 
ratio for each TMT channel, in each RT bin, 
from only the PSMs of identified MS/MS 
spectra. That median is across all the 
fractions for a plex. 

Proteome

Deciles combined across all 25 bRP fractions

Normal plexes 14,15

Point area scaled to # PSMs/decile

X01BR040

127N 

CPT000814

127C

CPT001846

128C

Plot made when QM run with 
isobaric label incorporation metrics on 
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PSMs 

Containing 

no Var 

Mods (#)

PSMs 

Containing 

m (#)

PSMs 

Containing 

c (#)

PSMs 

Containing 

p (#)

PSMs 

Containing 

C (#)

PSM's 

Cys/Total

5101 285 133 918 1527 0.213

3857 219 61 1051 778 0.140

4147 225 77 1107 866 0.145

5852 309 129 1178 1580 0.193

5204 522 223 1247 1855 0.228

4785 470 185 1072 1475 0.204

4161 287 157 1212 1170 0.184

6395 424 26 1371 533 0.058

7617 1199 303 1752 2431 0.206

7408 1078 259 1469 2084 0.188

6685 764 212 1524 1613 0.162

14035 946 113 1770 2770 0.152

1184 200 2 1144 77 0.029

1928 258 3 1004 91 0.027

4483 580 117 1381 1495 0.205

3684 447 5 1323 177 0.030

7617 1199 303 1752 2431 0.206

7408 1078 259 1469 2084 0.188

6685 764 212 1524 1613 0.162

14035 946 113 1770 2770 0.152

1184 200 2 1144 77 0.029

1928 258 3 1004 91 0.027

4483 580 117 1381 1495 0.205

3684 447 5 1323 177 0.030

4017 434 22 1571 1061 0.166

5540 578 28 1434 1273 0.157

12714 1058 234 2129 3127 0.180

11774 936 70 1934 2376 0.151

Reduction/Alkylation Problem

1 Fine

2 Before

2 After

3 Before

3 After

Reduction/alkylation repeated due to 

low #’s of PSM’s Containing Cys

SM quality metric table values, coloring & plotting done in Excel
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Future Directions

• Process Report 
 Export GCT, vertical reporter-sample template
• Export of reporter ion intensity, de-multiplex precursor 

intensity.
• Quality Metrics

• More graphic display of metrics
• Report FDR at VM-site level
• Integrate Retention Time prediction

• Autovalidation
• Integrate Percolator/ML for more sensitive use of SM scores

 Personalized sequence databases – routine use for SAAV’s and 
spliceforms
 Generalize features that are hard-coded for CPTAC
 Automate conversion of .fa/.maf for neoantigen candidates
• Support SAAV’s that are common in the population 

• minor allele frequency > 0.5%
• ICGC-TCGA pancancer shared mutations

• 2-10x faster searches for long peptides with many variable mods.
• faster fragment ion pre-matching to more rapidly exclude 

poor matching sequences.

• Fully integrate Sherenga de novo MS/MS interpretation 
• improve accuracy of HLA peptide antigen identification
• optimize FDR in large-scale projects.

• Spectrum Matcher - propagate identifications of related spectra
• Protein Quantitation

• dynamic allocation of shared peptides, beyond subgroup-
specific, subgroup-top

• automate identification of isoform regulation (exon splicing, 
pre-propeptide processing)

• store protein grouping for faster report re-generation
• Elastic processing capacity

• Try Google Cloud-based VMs, evaluate access to and I/O time 
for extraction from Google Cloud Storage bucket.

• Create SM server image for virtual-distribution
• Dockerize key modules of SM to enable Terra integration and 

more facile processing of CPTAC data from multiple PCC’s.
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Load Instrument Gauges Graph Metrics
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Report to Plots - prototype
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Similar Depth of Proteins & Phosphosites per TMT plex & channel
LSCC more uniform loading per TMT channel

Phospho
Sites

Median # / plex

Proteins
Median # / plex

11,612 11,180

36,282 33,245

LSCC LUAD

Generalize

hardcoded CPTAC directory parsing
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Missing Value Histograms  - prototype

LSCC

LUAD

LSCC

LUAD
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