
C H A O  J I

R A D I V O J A C ’  L A B  M E E T I N G

Spectrum Graph approaches for 
de novo peptide identification



Outline

 Spectrum Graph
 Issues with current de novo approaches and 

suggested ways for improving de novo searching 
results



De novo vs database search

Ari M. Frank et al. 2007



S#: 1708 RT: 54.47 AV: 1 NL: 5.27E6
T: + c d Full ms2 638.00 [ 165.00 - 1925.00]
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Database of all peptides = 20n

AAAAAAAA,AAAAAAAC,AAAAAAAD,AAAAAAAE,
AAAAAAAG,AAAAAAAF,AAAAAAAH,AAAAAAI,

AVGELTI, AVGELTK , AVGELTL, AVGELTM,

YYYYYYYS,YYYYYYYT,YYYYYYYV,YYYYYYYY

Database of
known peptides

MDERHILNM,   KLQWVCSDL, 
PTYWASDL,   ENQIKRSACVM, 
TLACHGGEM,  NGALPQWRT, 
HLLERTKMNVV,   GGPASSDA,   
GGLITGMQSD,  MQPLMNWE, 
ALKIIMNVRT,  AVGELTK,
HEWAILF,  GHNLWAMNAC, 

GVFGSVLRA,  EKLNKAATYIN..

De novo vs database search

Theoretical 
database is huge

Database of 
known peptides 
is much smaller
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De novo vs database search

Searching a SG 
is much more 

efficient!



Spectrum Graph

 A experimental spectrums is represented by 
spectrum graph (SG). 

 Vertices = m/z values, edges = mass of amino acid(s)
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Spectrum Graph

 A experimental spectrums is represented by 
spectrum graph (SG). 

 Vertices = m/z values, edges = mass of amino acid(s)
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Goal is to find a path 
corresponding to the 

correct sequence 



Construction of SG

 Learning ion types from  spectrum-peptide matches
 For all                            and peptide,     plot the 

histogram of 
},...,,{ 21 nsssS = P

jiij sPmx −= )(

Dancik et al 1999

Offset Frequency Function(OFF)



Construction of SG

 Select K-most abundant Ions  from OFF
 For each     create
 Merge close pairs   
 Create vertices for empty peptide and full peptide
 Each vertex also has a weight proportional to its intensity
 Each edge has weight proportional to the weights of incident 

vertices
 Score(path) = sum of weights of edges

},...,,{ 21 kδδδ=∆

0m0 = PMmn =



Construction of SG

 How to create vertices
 How to create edges
 How to score paths
 How to find best paths

Ideal tandem mass spectrum is noise-free and contains only b- y- ions



NC-spectrum graph

 where
 Each peak in     generates a pair of vertices
 Coordinates of vertices: the sum of mass of prefix 

residues, or the sum of mass suffix residues (+18) 

Chen et al 2001. J of Comp Bio



Constructing NC-Spectrum Graph

 Vertices:

 Edges:

 Mass array                                                        can be 
computed in 

 Constructed NC-Spectrum Graph in          if mass 
array is pre-computed
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Search High-scoring paths in SG

 An exhaustive search of all paths still takes
 Use dynamic programming

 Highest-scoring path can be found in                    time
and 

)2(O k



Two steps in de novo sequencing

 Narrow down the search space to a pool of candidate 
sequences

 A scoring function designed to discriminate between 
correct and incorrect solutions
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Two steps in de novo sequencing

 Narrow down the search space to a pool of candidate 
sequences

 A scoring function designed to discriminate between 
correct and incorrect solutions

Spectrum Graph

Likelihood ratio e.g. 
PepNovo, 



Issues with de novo approaches

 Low accuracy as opposed to database search (Only 
70-75% of amino acids correctly called, 30% of 
identified peptides being correct)

 Accuracy deteriorates for long sequences



Issues with de novo approaches

 Incomplete fragmentation/low mass accuracy

Use high-resolution instruments (i.e. HCD, ECD, ETD)
79.8% of the correctly identified HCD spectra contain full or almost full
cleavage information, compared with CID (62.8%)

Chi et al 2010. J of Prot Res



Issues with de novo approaches

 Two peptides are homeometric if their theoretical 
spectra contains the same set of m/z values

Frank et al 2007. J of Prot Res
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 Applying more rigorous PSM scoring function 

MDERHILNM,   KLQWVCSDL, 
PTYWASDL,   ENQIKRSACVM, 
TLACHGGEM,  NGALPQWRT, 
HLLERTKMNVV,   GGPASSDA,   
GGLITGMQSD,  MQPLMNWE, 
ALKIIMNVRT,  AVGELTK,
HEWAILF,  GHNLWAMNAC, 

GVFGSVLRA,  EKLNKAATYIN..

ALKIIMNVRT,  AVGELTK

More rigorous 
PSM scoring 

function 



 Make use of the correlations of outputs of de novo 
sequencing

The confidence of the 
correct sequence ca 

nbe boosted by 
subsequences with 

higher scores
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