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PTM Localization Information Content ResultsOverview

For each modified PSM:

1. Compute accurate probabilities of each potential modification 

site being modified

2. Compute information content statistics, thereby allowing 

comparison of PSMs having different numbers of potential 

modification sites and number of modifications

• Search algorithms are good at assigning the peptide sequence,

but not necessarily at determining the correct positions of

PTMs contained in the peptide

• PTMProphet part of the Trans-Proteomic Pipeline (TPP)

evaluates all modifications possible given user settings and the

assigned peptide sequence

• Current TPP version 5.2 is available at www.tppms.org

PTMProphet Method

Support & Information

PROBLEM: Site Probabilities May Not Be Comparable
• Different numbers of potentially modified sites in different peptides

SEMMEEDLQGASQVK (2 phospho sites)

SESSEEDLQGASQVK (4 phospho sites)

• Different numbers of modifications in different peptides
pSESpSEEDLQGApSQVK (3 phospho mods)

pSESSEEDLQGASQVK (1 phospho mod)

𝑯𝒕
𝒏𝒐𝒓𝒎: Multiple Modification & Site Normalized Shannon’s Entropy

Quantifies the amount of information stored in the PTM site assignment for a 

peptide with s modification sites and m modifications

• s modification sites with probabilities p1, … ,ps of being modified

𝑯𝒕
𝒏𝒐𝒓𝒎 = −

𝟏

𝒎
σ𝒊=𝟏
𝒔 𝒑𝒊 𝒍𝒐𝒈𝒔/𝒎 𝒑𝒊

𝐻𝑡
𝑛𝑜𝑟𝑚 range: [0, 1]

𝑴𝒕: Localized Modifications Estimate
Estimates the number of modifications confidently localized that

can be used to directly compare PSMs containing m modification

𝑴𝒕 = 𝒎−𝑯𝒕

where, 𝐻𝑡 = −σ𝑖=1
𝑠 𝑝𝑖 log𝑠/𝑚 𝑝𝑖

𝑀𝑡 range: [0, m] the higher the score the greater the number of 

modifications localized in a PSM with m modifications

𝑰𝒕: Normalized Per-Modification Information Content
Estimates the per-modification localization certainty that

can be used to directly compare PSMs with different number of modifications

𝑰𝒕 = 𝟏 −𝑯𝒕
𝒏𝒐𝒓𝒎

where, 𝐻𝑡
𝑛𝑜𝑟𝑚 is the normalized per modification entropy of 

modification of type t

𝐼𝑡 range: [0, 1] the higher the score the higher the localization 

certainty

𝑩𝒕: Mean Best Probability Statistic

Easy to compute and works well in practice

Should be considered in the context of Information Content

𝑩𝒕 =
𝒎𝒂𝒙

{𝒊𝟏,…,𝒊𝒎∈𝟏,…,𝒔}
σ𝒋=𝟏
𝒎 𝒑𝒊𝒋

𝒎

Simple Peptide Example: One Oxidation, One Phosphorylation

SEMMEEDLQGASQVK  vs SEMMEEDLQGASQVK

SEMMEEDLQGASQVK  vs SEMMEEDLQGASQVK

1. For each PSM, evaluate all possibilities of peptide modification

2. Sum matched peak intensities: Ψ(P) for peptide P

3. Compute Ψ for each peptide possibility

4. For each potential PTM site s on the peptide, compute:  

Pmod = argmax(  P with site s modified | Ψ(P) )   

Punmod = argmax(  P with site s unmodified | Ψ(P) )

5. Compute “common” matched peak intensity:

C(Pmod,Punmod)

6. Compute discretized observed maximum noncommon intensities:

𝑶𝒎 =
𝜳(𝑷𝒎𝒐𝒅) − 𝑪(𝑷𝒎𝒐𝒅,𝑷𝒖𝒏𝒎𝒐𝒅)

𝑖
and 𝑶𝒖 =

𝜳(𝑷𝒖𝒏𝒎𝒐𝒅) − 𝑪(𝑷𝒎𝒐𝒅,𝑷𝒖𝒏𝒎𝒐𝒅)

𝑖

7. Compute observed maximum noncommon matched peaks: 

𝑴𝒎 and 𝑴𝒖

8. Compute probability for each potential PTM site

9. EM > 0 - apply expectation / maximization algorithm until 

probabilities remain constant

10. Normalize all probabilities by the number of modifications in the 

peptide

11. Record the output in pepXML

S(0.000)EM(1.000)M(0.000)EEDLQGAS(1.000)QVK 

• Dataset 1: a small reference dataset of synthetic phosphopeptides previously 

published (Ferries et al. Proteome Res. 2017) and used to evaluate confident 

site localization, measured with an Orbitrap Fusion Tribrid mass spectrometer

• 175 distinct peptide sequences with 191 phosphorylation sites

• Dataset 2: a large in-house dataset of synthetic peptides with known phosphorylated 

sites, measured with a TripleTOF® 5600+

• 1,342 chemically synthesized phosphopeptides with 5,329 potentially 

phosphorylated S, T and Y residues 

• Dataset 3: a phospho-enriched cell lysate dataset (Nyman et al. J Proteomics. 2018) 

known to contain many mass modifications, measured with a Q Exactive 

• human macrophage cells infected with influenza A virus.

Dataset 1 Peptide Results: Mascot → PTMProphet vs Mascot → ptmRS

Dataset 2 Peptide Results: Mascot+X!Tandem → PTMProphet 
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