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Error Tolerant Searching
of Uninterpreted MS/MS

Data
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In any search of a large LC-MS/MS dataset
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There are always a number of spectra which get poor scores, or even no
match at all.
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Sometimes, this is because the spectra are empty, or contain little more
than noise. However, some of the spectra may contain clear sequence ion
ladders at good signal to noise
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Why do we fail to get a match?

Things that shouldn’t happen:

• Incorrect determination of precursor charge
• Underestimated mass measurement error

Things that often happen:
• Enzyme non-specificity
• Unsuspected chemical & post-translational

modifications
• Peptide sequence not in the database.

Why do the good quality spectra fail to match? Some problems are easily
remedied. For example, the precursor charge may have been called
incorrectly, or the mass tolerance estimate may be over-optimistic.

Enzyme non-specificity is very common, and can be addressed with a no-
enzyme search, but this is very time consuming.

The two other causes of failure to match are more difficult to deal with:
Unsuspected modifications and variations in the primary sequence.
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The best tool available for finding matches when there are unsuspected
modifications or variations in the primary sequence is the error tolerant
sequence tag, developed at EMBL. The standard tag combines an
interpreted tag with the flanking fragment ion masses, the peptide mass,
and the enzyme specificity.

By relaxing one or more of these constraints, the tag can accommodate
enzyme non-specificity and / or unexpected mass differences to one side
or the other of the tag.
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Error Tolerant Sequence Tag

• Rapid search times
• Requires good quality data
• Only a filter: no score
• Results need interpretation.

The error tolerant sequence tag is a very fast search, but the data quality
has to be high enough to interpret a reliable tag. Also, the error tolerant
sequence tag is less specific, and it becomes more likely that multiple
hits will be found.

Since there is no score to indicate which hit is the best match, and
whether the best match is significant, the user has to reconcile the
spectrum to each of the candidate sequences, and decide which match to
accept.

To address these limitations, we decided to investigate an error tolerant
approach using Mascot to search uninterpreted data
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Error Tolerant Search of
Uninterpreted MS/MS Data

Enzyme non-specificity
• ‘no-enzyme’ search
In Silico digestion of NCBI nr (850,000 entries)
• 6000 tryptic limit peptides 1500 Da ± 0.5
• 2,400,000 non-specific peptides 1500 Da ± 0.5

Searching a complete sequence database with no enzyme specificity
takes much longer than the same search with (say) tryptic specificity.
This is because there are between 100 and 1000 times as many peptides
to be tested.
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Error Tolerant Search of
Uninterpreted MS/MS Data

Unsuspected chemical & P-T modifications

• Iterate through comprehensive list.

For unsuspected modifications, it would be nice to try all possible mass
values at all residue locations. Unfortunately, this doesn't work because
all specificity is lost. We have chosen to iterate through a very
comprehensive list of modifications
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Chemical & P-T Modifications

The longer the list, the better. Unfortunately, there is no standard
database of modifications that is suitable for MS use, so we had to
compile this list ourselves
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Error Tolerant Search of
Uninterpreted MS/MS Data

Peptide sequence not in the database
• single base substitutions - Yes
• single base insertions & deletions - No (frame

shift)
• multiple base substitutions, insertions &

deletions - No (de novo).

Virtually all of the protein database entries come from translations of
DNA or RNA. Hence, for variations in the primary sequence, it is
essential to consider changes at the NA level.

We choose to allow all possible single NA substitutions, but not
insertions or deletions, because these give rise to frame shifts.

We also draw the line at multiple variations in a single peptide. These
must be handled by de novo sequencing
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Error Tolerant Search of
Uninterpreted MS/MS Data

Single base substitutions:
Back translate AA to codons
Perform all possible single base
substitutions
Translate resulting codons to AA.

The procedure to generate a substitution matrix for all possible single
base substitutions
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Primary Sequence Variations

A R N D C Q E G H I L K M F P S T W Y V
A 1 1 1 1 1 1 1
R 1 1 1 1 1 1 1 1 1 1 1 1
N 1 1 1 1 1 1 1
D 1 1 1 1 1 1 1
C 1 1 1 1 1 1
Q 1 1 1 1 1 1
E 1 1 1 1 1 1
G 1 1 1 1 1 1 1 1
H 1 1 1 1 1 1 1
I 1 1 1 1 1 1 1 1 1

L 1 1 1 1 1 1 1 1 1 1
K 1 1 1 1 1 1 1
M 1 1 1 1 1 1
F 1 1 1 1 1 1
P 1 1 1 1 1 1 1
S 1 1 1 1 1 1 1 1 1 1 1 1
T 1 1 1 1 1 1 1 1

W 1 1 1 1 1
Y 1 1 1 1 1 1
V 1 1 1 1 1 1 1 1

This matrix is considerably sparser than all possible residue
substitutions
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Error Tolerant Search of
Uninterpreted MS/MS Data

Procedure
• Perform standard search
• Select one or more protein hits
• With no enzyme specificity, iterate through

extensive list of modifications + substitution
matrix.

The error tolerant search is a second pass search
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Here we see the matches to trypsin autolysis products from a standard
search of an LC-MS/MS dataset from the analysis of a human cell lysate.
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And here are the matches from the second pass, error tolerant search.
The number of matches has increased from 10 to 17. Only those matches
that were as good as or better than the original search are reported.

Query 74 is a simple, non-specific cleavage product

Query 107 shows acetylation at the N-terminus plus a mass increase of
16 at one of the N-term serines. It is not easy to find a reasonable
mechanism to account for either an increase of 16 or an increase of 58
(42+16) at the N-term of this peptide
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Query 270 is assigned to NINVVEGNEQFISASK with a biotinylated N-
term. However, this sample was not biotinylated, so this assignment
cannot be correct. In fact, we get exactly the same mass increment by
moving the cleavage point two residues further towards the N-terminus
and adding a pyro-glu modification. This is a good illustration of how
difficult it is for the report to always give the correct assignment
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There are several matches to the same peptide
LGEDNINVVEGNEQFISASK with a variety of modifications. The first,
Q->K, is identical to no modification. Although the match to Query 296 is
shown as G->V, we would prefer to assign the mass change of 42 Da to
N-term acetylation.
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Looking at the details for this match
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We see that the fragment ions have a quantitative neutral loss of water.
Is this behaviour well known for acetylated Leu?
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This suggests that a possible assignment of +24 Da for query 293 is
prompt loss of water: 42-18=24???
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Finally, a slightly artificial illustration of finding a point mutation in the
primary sequence. We can lose the match to query 1 by changing the
taxonomy to 'green plants', which excludes both entries containing the
correct peptide. If we now do an error tolerant search, the correct match
is recovered via the substitution A->T
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Error Tolerant Search of
Uninterpreted MS/MS Data

• Successfully locate mass differences
• Difficult to report correct assignment
• Limited to proteins which have at least one

good peptide match … not very useful for
(say) MHC peptides

• Next step: hybrid of Sequence Tag & MS/MS
Ions Search?

To summarise, the error tolerant search of uninterpreted MS/MS data is
a powerful way of finding additional peptide matches. However, it is very
difficult to provide a chemically credible assignment for many of the
observed mass differences. Some expertise in mass spectrometry and
protein chemistry is required to review and correct the reported
assignments.
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