A linear programming model for protein inference
problem in shotgun proteomics
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Protein Inference Problem

* Given m candidate proteins and n identified
peptides, select a small subset of candidate
proteins that best “explains” these peptides.

* They proposed a linear programming (LP)
model for protein inference, which can be

solved very quickly with standard LP solver.



Table 1. Notations and definitions

Notations Definitions
(1,...,%,...,n) all n peptides identified by peptide
identification algortihms
(1,...,7,...,m) all m proteins that might have generated
these n peptides
(Yy1,...,Yi,...,Yn) peptide vector: indicator variables of
peptides’ presences if peptide 7 is
present, y; = 1; otherwise y; = 0
(£1,...,2j,...,Zm) protein vector: indicator variables of
proteins’ presences
(21,...,2i,...,2n) the probabilities of peptides’ presences

estimated by peptide identification
algorithms or PeptideProphet




Priyyi=1)=1-— H[l — Pr(y: = 1,z; = 1)],

j=1

n

Pr(z;=1)=1-— H[l — Pr(y; =1,z; = 1)].

i=1

In[l — Pr(y: =1)] = Zln[l — Pr(y: = 1,z; = 1)]

j=1

In[l — Pr(z; =1)] = Zn:ln[l — Pr(y; = 1,z; = 1)].



LP Formulation
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where Ne(i) is the set of all proteins that can generate peptide 7.
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18 mixtures Sigma49

PP MSB Fido PLP PP MSB Fido PLP
TP FP TP FP TP FP TP FP TP FP TP FP TP FP TP FP
Simple proteins 17 8 17 11 17 9 17 9 27 1 32 6 30 5 30 1
Degenerate proteins 1 5 0 3 1 4 0 5 5 10 4 1 5 3 5 7
Yeast DME
PP MSB Fido PLP PP MSB Fido PLP
TP FP TP FP TP FP TP FP TP FP TP FP TP FP TP FP
Simple proteins 366 4 469 7 373 2 398 4 383 0 145 18 129 11 33 0
Degenerate proteins 164 4 62 0 106 57 132 4 136 1 11 1 34 1 142 0
HumanMD HumanEKC
PP MSB Fido PLP PP MSB Fido PLP
TP FP TP FP TP FP TP FP TP FP TP FP TP FP TP FP
Simple proteins 70 0 119 1 111 6 64 0 147 0 184 0 180 O 143 0
Degenerate proteins 54 0 4 0 7 0 60 O 49 0 12 0 16 0 53 0




Conclusion

 The main advantage of ProteinLP over other
methods is the use of joint probability as the
variable, which avoids modeling the protein

probability and the conditional probability
simultaneously.



