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MS/MS Search Engines
• Fail when peptides are missing from sequence 

database
• Protein sequence databases serve many 

masters
• Full length protein sequences not needed for MS/MS
• Explicit variant enumeration is needed for MS/MS

• Much peptide sequence information is lost, 
inaccessible, or not integrated
• Protein isoforms, Sequence variants, SNPs,

alternate splice forms, ESTs
• Some peptides are more interesting than others

• Protein identification is only part of the story
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Swiss-Prot
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Swiss-Prot 
Variant Annotations
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Swiss-Prot 
Variant Annotations
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Swiss-Prot Sequence
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Swiss-Prot

• VarSplic enumerates all variants, 
conflicts, isoforms

• Swiss-Prot sequence size:
• 60 Mb

• VarSplic sequence size:
• 95 Mb

• How many more peptide candidates?
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Swiss-Prot 
Variant Annotations

Feature viewer

Variants
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Swiss-Prot VarSplic
Output

P13746-00-01-00      MAVMAPRTLLLLLSGALALTQTWAGSHSMRYFYTSVSRPGRGEPRFIAVGYVDDTQFVRF

P13746-01-01-00      MAVMAPRTLLLLLSGALALTQTWAGSHSMRYFYTSVSRPGRGEPRFIAVGYVDDTQFVRF

P13746-00-00-00      MAVMAPRTLLLLLSGALALTQTWAGSHSMRYFYTSVSRPGRGEPRFIAVGYVDDTQFVRF

P13746-00-03-00      MAVMAPRTLLLLLSGALALTQTWAGSHSMRYFYTSVSRPGRGEPRFIAVGYVDDTQFVRF

P13746-01-03-00      MAVMAPRTLLLLLSGALALTQTWAGSHSMRYFYTSVSRPGRGEPRFIAVGYVDDTQFVRF

P13746-00-04-00      MAVMAPRTLLLLLSGALALTQTWAGSHSMRYFYTSVSRPGRGKPRFIAVGYVDDTQFVRF

P13746-01-04-00      MAVMAPRTLLLLLSGALALTQTWAGSHSMRYFYTSVSRPGRGKPRFIAVGYVDDTQFVRF

P13746-00-05-00      MAVMAPRTLLLLLSGALALTQTWAGSHSMRYFYTSVSRPGRGEPRFIAVGYVDDTQFVRF

P13746-01-05-00      MAVMAPRTLLLLLSGALALTQTWAGSHSMRYFYTSVSRPGRGEPRFIAVGYVDDTQFVRF

P13746-01-00-00      MAVMAPRTLLLLLSGALALTQTWAGSHSMRYFYTSVSRPGRGEPRFIAVGYVDDTQFVRF

P13746-00-02-00      MAVMAPRTLLLLLSGALALTQTWAGSHSMRYFYTSVSRPGRGEPRFIAVGYVDDTQFVRF

P13746-01-02-00      MAVMAPRTLLLLLSGALALTQTWAGSHSMRYFYTSVSRPGRGEPRFIAVGYVDDTQFVRF

******************************************:*****************
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Swiss-Prot VarSplic
Output

P13746-00-01-00      SSQPTIPIVGIIAGLVLLGAVITGAVVAAVMWRRKSS------DRKGGSYTQAASSDSAQ

P13746-01-01-00      SSQPTIPIVGIIAGLVLLGAVITGAVVAAVMWRRKSSGGEGVKDRKGGSYTQAASSDSAQ

P13746-00-00-00      SSQPTIPIVGIIAGLVLLGAVITGAVVAAVMWRRKSS------DRKGGSYTQAASSDSAQ

P13746-00-03-00      SSQPTIPIVGIIAGLVLLGAVITGAVVAAVMWRRKSS------DRKGGSYTQAASSDSAQ

P13746-01-03-00      SSQPTIPIVGIIAGLVLLGAVITGAVVAAVMWRRKSSGGEGVKDRKGGSYTQAASSDSAQ

P13746-00-04-00      SSQPTIPIVGIIAGLVLLGAVITGAVVAAVMWRRKSS------DRKGGSYTQAASSDSAQ

P13746-01-04-00      SSQPTIPIVGIIAGLVLLGAVITGAVVAAVMWRRKSSGGEGVKDRKGGSYTQAASSDSAQ

P13746-00-05-00      SSQPTIPIVGIIAGLVLLGAVITGAVVAAVMWRRKSS------DRKGGSYTQAASSDSAQ

P13746-01-05-00      SSQPTIPIVGIIAGLVLLGAVITGAVVAAVMWRRKSSGGEGVKDRKGGSYTQAASSDSAQ

P13746-01-00-00      SSQPTIPIVGIIAGLVLLGAVITGAVVAAVMWRRKSSGGEGVKDRKGGSYTQAASSDSAQ

P13746-00-02-00      SSQPTIPIVGIIAGLVLLGAVITGAVVAAVMWRRKSS------DRKGGSYSQAASSDSAQ

P13746-01-02-00      SSQPTIPIVGIIAGLVLLGAVITGAVVAAVMWRRKSSGGEGVKDRKGGSYSQAASSDSAQ

*************************************      *******:*********
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Peptide Candidates

• Parent ion
• Typically < 3000 Da

• Tryptic Peptides 
• Cut at K or R 

• Search engines
• Don’t handle > 4+ well 
• Long peptides don’t fragment well

• # of distinct 30-mers upper bounds 
total peptide content
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Peptide Candidates

• At most 1% additional peptides in ~ 1.6 
times as much sequence

Sequence
Database

Swiss-Prot VarSplic

Size 60 Mb 95 Mb
30-mers (N30) 46 Mb 47 Mb

Overhead 29% 101%   
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Sequence Database 
Compression
Construct sequence database that is 

• Complete
• All 30-mers are present

• Correct
• No other 30-mers are present

• Compact
• No 30-mer is present more than once
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SBH-graph

ACDEFGI, ACDEFACG, DEFGEFGI
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Compressed SBH-graph

ACDEFGI, ACDEFACG, DEFGEFGI
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Sequence Databases & 
CSBH-graphs
• Sequences correspond to paths

ACDEFGI, ACDEFACG, DEFGEFGI
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Sequence Databases &
CSBH-graphs
• Complete

• All edges are on some path
• Correct

• Output path sequence only
• Compact

• No edge is used more than once

• C3 Path Set uses all edges exactly once.
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Sequence Databases & 
CSBH-graphs
• Use each edge exactly once

ACDEFGEFGI, DEFACG
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AA Sequence Databases
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Minimum Size 
C3 Sequence Database 
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Implementation

• Suitable for use by Mascot, 
SEQUEST, X-Tandem, etc…
• FASTA format
• Use special “restart symbol”!

• All connection to protein context is lost
• Must do exact string search to find 

peptides in original database
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Implementation

>A
ACDEFGEFGI
>B
DEFACG

>1
ACDEFGI
>2
ACDEFACG
>3
DEFGEFGI

• Can’t guarantee that “restarts” won’t 
create “false” tryptic peptides
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Implementation

• Mark original entries’ start and end
• “Restart” with unusable symbol

• Weight(J) = 10kDa
• Forbid tryptic digestion at J

• Mascot cofiguration:

• What about “short” proteins?

• C3 guarantee for tryptic peptides of 
length ≤ (k-2)

Title:Trypsin
Cleavage:KR
Restrict:PJ
Cterm
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Faster Peptide ID

Peptide identification workflow
• Search spectra against C3 sequence
• Insert protein context using exact 

string search
• Parse search output
• Search original sequence using

exact peptide sequence
• Re-construct search output
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Faster Peptide ID

• ISB 17 Protein Mix
• LC/MS/MS, 2023 MS/MS spectra

• Mascot v2.0
• Dell PC w/ 512 Mb RAM
• Parent Tolerance 2Da
• Fragment Tolerance 0.15Da
• Up to 2 Missed Cleavages

• IPI-HUMAN, SwissProt, UniProt
• plus SwissProt-VS UniProt-VS versions
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Mascot Running Time
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Total Search Time
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Relative Search Time
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Mascot Results: C3 DB
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Mascot Results: C3 DB
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Mascot Results: C3 DB ++
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Mascot Results: Original DB
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Mascot Results: C3 DB ++
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Mascot Results: Original DB
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More Sensitive Peptide ID 

• Significances, p-values, Expect values
• Normalize for number of trials
• Blast: 

• Size of sequence database
• Mascot etc.:

• Peptides with appropriate parent mass
• Redundant peptide sequences increase 

the number of trials, artificially.
• Trials are not independent!

• Less redundancy results in a better 
significance estimate
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Available for Download

Available for download:
• C3 Sequence Databases
• Exact peptide search code
• Mascot parse + rewrite scripts

Other search engines and sequence 
databases on request
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Genomic Peptide Sequences 

• Many putative peptide sequences 
never become “protein” sequences
• Genomic DNA,
• Refseq mRNA, ESTs
• SNP/Polymorphism databases
• Variant records in SwissProt

• Genomic annotation seeks 
“full length” genes and proteins
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Genomic Peptide Sequences

• Genomic DNA
• Exons & introns, 6 frames, large (6 * 3Gb)

• Refseq mRNA
• No introns, 3 frames, small (36Mb)
• Most protein sequences already represented in 

sequence databases
• ESTs

• No introns, 3 frames, large (3 * 3Gb)
• Used by gene & alternative splicing pipelines
• Highly redundant, nucleotide error rate ~ 1%
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Compressed EST Peptides

• 3 frame translation
• Break at non-amino-acids

• stop codons + X
• Discard AA sequence < 50 AA long
• Result: 1.1Gb
• C3 Compress

• Discard 30-mers that occur only once
• Result: 83Mb ( < 2 * SwissProt ) 
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Compressed EST Peptides

• Genomic Peptides
• Refseq mRNA & Proteins, ESTs
• Size: 96Mb

• Genomic + IPI-HUMAN Peptides
• Size: 99Mb
• 30-mers:

• 11.2Mb 30-mers in common
• 1.6Mb in IPI-HUMAN alone
• 37.2Mb in putative genomic peptides alone
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Extensions and Futher Work

• Better compression
• Relax compactness constraint
• Enumerate tryptic peptides only
• Relax correctness constraint

• Decouple peptide ID from protein ID
• Genomic peptides from GenScan

exons
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