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Current discovery metaproteomics studies
are generally based on high-throughput tandem mass spectrometry 
(MS/MS) coupled with liquid chromatography (LC). (LC-MS/MS) 
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Background

Source: A. biology With arpan, “HPLC | High Performance Liquid Chromatography | Application of HPLC,” 
16-Sep-2020. [Online]. Available: https://www.youtube.com/watch?v=Vr5t-cgHHG4. [Accessed: 23-Nov-2022]. 

Source: A. I. Nesvizhskii, “A survey of computational methods 
and error rate estimation procedures for peptide and protein 
identification in shotgun proteomics,” Journal of Proteomics
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2 Identifying peptides and proteins from microbiota
involves a procedure of searching mass spectra against a pre-defined 
protein sequence database.

Background

Source: S. Aggarwal, A. Raj, D. Kumar, D. Dash, and A. K. Yadav, “False discovery rate: the Achilles’ heel of proteogenomics,” 
Briefings in Bioinformatics, vol. 23, no. 5. Oxford University Press (OUP), May 09, 2022. DOI: 10.1093/bib/bbac163.
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A major post-analysis step
is controlling the false discovery rate, i.e., 

FDR, the ratio of false positives to the total number of annotations.
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4 The current gold standard for FDR estimation

is the target-decoy search strategy using p-value or E-value. 

𝐹𝐷𝑅 =
# 𝐷𝑒𝑐𝑜𝑦𝑠

# 𝑇𝑎𝑟𝑔𝑒𝑡𝑠

Background

Source: S. Aggarwal and A. K. Yadav, “False Discovery Rate Estimation in Proteomics,” Methods in Molecular Biology. 
Springer New York, pp. 119–128, 2016. doi: 10.1007/978-1-4939-3106-4_7. 4



Reliability of identifications 

a. Single-identification level
p-value or E-value
b. Multiple-identification level
The proportion of incorrect identifications for 
a group of identifications. 

Motivation

The problem of FDR estimation 
in multiple hypothesis tests:

Treat all the peptides and proteins equally 
and overlook that they could have varied 
probabilities of being identified.

Source: A. I. Nesvizhskii, “A survey of computational methods and error rate estimation 
procedures for peptide and protein identification in shotgun proteomics,” Journal of 
Proteomics, vol. 73, no. 11. Elsevier BV, pp. 2092–2123, Oct. 2010. 

5



In an extreme case, If we have
50,000 identified peptides from a dominant species,
50,000 identified peptides from other species;
FDR level is set to be 1%, 
so expected false-positive identification = 100,000 x 0.01 = 1,000; 
Varied probabilities of being identified: 
10% of false-positive were from the dominant species, and the 
left was from the other species. 

The problem of FDR estimation 
in multiple hypothesis tests:

Treat all the peptides and proteins equally 
and overlook that they could have varied 
probabilities of being identified.
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Main idea 

FineFDR controls the FDR separately for PSMs/peptides/proteins 
from the different taxonomic units.

Assumption

Peptides and proteins are not equally likely to be measured by 
LC-MS/MS and identified by search engines due to the varied 
abundance of microorganisms. 

7



Method: Target-decoy FDR Control

Fig. 1. The basic workflow of the target-decoy search strategy.

The basic target-decoy strategy augments the "target" protein database with 
a set of “decoy” protein sequences.
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Method: Taxonomy Database Construction

Fig. 2. Taxonomy database construction.

Operational Taxonomic Unit (OTU) 
• Groups of closely related microorganisms at the genome level 
• Basic unit to group PSMs or peptides in FineFDR

Peptide-to-Spectrum Matches (PSM) 
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Method: Taxonomy-specific FDR assessment (PSM)

Fig. 3. The framework of taxonomy-specific FDR control at the PSM level.

𝐼𝑛 − 𝑔𝑟𝑜𝑢𝑝 𝐹𝐷𝑅𝑂𝑇𝑈 𝑖𝑛𝑑𝑒𝑥 𝑖 =
# 𝐷𝑒𝑐𝑜𝑦𝑠 ⊂𝑂𝑇𝑈 𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑖

# 𝑇𝑎𝑟𝑔𝑒𝑡𝑠 ⊂𝑂𝑇𝑈 𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑖
, 𝐺𝑜𝑏𝑎𝑙 𝐹𝐷𝑅𝑖 =

# 𝐷𝑒𝑐𝑜𝑦𝑠

# 𝑇𝑎𝑟𝑔𝑒𝑡𝑠

𝑃𝑆𝑀𝑠 = …,𝑖=1,2ڂ
𝑛 𝐹𝑖
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Filtered PSMs 
with in-group FDR = X



Method: Taxonomy-specific FDR assessment (Peptide)

Fig. 4. The framework of taxonomy-specific FDR control at the peptide level.
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Assign the highest PSM score 
to that peptide



Method: Taxonomy-specific FDR assessment (Protein)

Fig. 5. The framework of taxonomy-specific FDR control at the protein level.
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Because transferring PSM scores to protein scores is not trivial, 
FineFDR adjusts in-group peptide and protein FDRs dynamically 
Until     the global protein FDR is well controlled.

Sipros Ensemble 

Sipros Ensemble 



Experiment Design

Search Tool

• Comet (E-value score; Widely-used method)

Filtering Tool

• Percolator (Percolator score; Widely-used method)
• TIDD (TIDD SVM Prob; Recent work)
• Tailor (Tailor score; Recent work)

Data sets

• Simulated data set: Mock microbial ”U” (UNEVEN) type community data set with the cell number U1 (PXD006118)
• Real-world data set: Marine 1,2,3 (PXD007587); Soil 1,2,3 (PXD007587); Human Gut (PXD013386)
• Simulated ground-truth data set: GT
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Identification Quality

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
#True identifications

#𝐼dentifications

Ground-truth data set simulation
Search the Human Gut’s MS data against 
the database consisting of the protein 
mixture from the Human Gut and Marine 
protein databases.

“Truth” identifications
The PSMs/peptides/proteins from the 
Human Gut proteome.

Result
FineFDR achieved higher precision than 
the baseline methods.
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Identification Rate
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Identification Rate
Number of PSMs, 
peptides, and proteins 
filtered at 1% FDR

Result
For the methods 
adding FineFDR, they 
achieved more 
identifications than 
the baseline methods 
without FineFDR.



Computational time

Test Platform

A regular desktop with an 8-Core 4.0 GHz CPU, 32GB 3200 MHz RAM, and NVMe 3.0 SSD.

FineFDR is implemented with Python 3.9.
On average, FineFDR requires 2 GB of memory to load data.
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Discussion

The baseline method and its combination with FineFDR shared over 95% identical PSMs, 
peptides, and proteins in the results. 
FineFDR made more method-specific discoveries than the baseline method. 

Fig. 6. The identified result overlap between the baseline method comet and its combination with FineFDR for the Mock U1
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Discussion

FineFDR improved the identification
rates across most species. 
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Discussion

FineFDR shows the power to 
promote the percentage of 
target PSM candidates in a group 

……
……
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The percentage of target PSM candidates in a random 
group without efficient grouping would be close to that 
in the original method without grouping.



Conclusion

Contribution

• A novel FDR estimation framework, called FineFDR, was proposed for metaproteomics.
• FineFDR controls the FDR separately for PSMs/peptides/proteins from the different 

taxonomic units.
• FineFDR achieved higher precision and more PSM, peptide, and protein identifications.
• FineFDR is freely available under the GNU GPL license at 

https://github.com/Biocomputing-Research-Group/FDR.

Future Work

• FineFDR will support more search engines and post-search tools in future releases.
• Beyond Taxonomy-specific FDR control, we are investigating more techniques to 

mitigate the FDR estimation bias in metaproteomics.
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https://github.com/Biocomputing-Research-Group/FDR


Thank you for your time!
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