Proline User Guide

Release 1.6

Proline Software Suite

Proline is a suite of software and components dedicated to mass spectrometry proteomics. Proline lets you
extract data from raw files, import results from MS/MS identification engines, organize and store your data in a
relational database, process and analyse this data to finally visualize and extract knowledge from MS based
proteomics results.
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The current version support the following features:

e Import result files (OMSSA, Mascot and X!Tandem files are currently supported). Once imported, search
results can then be browsed and visualized through a graphical user interface.

e Validate search results using customizable filters and infer proteins identification based on validated
PSM. Identification summaries issued from the validation can obviously be browsed and visualized.
Combine individual search results or identification summaries to build a comprehensive proteome.
Quantify identified peptides and proteins by spectral counting or label free LC-MS quantification

e Export identification summaries or search results in different formats including standard exchange
formats.



The software suite is based on two main components: a server handling processing tasks and based on relational
database management system storing the data generated by the software and two different graphical user
interfaces, both allowing users to start tasks and visualize the data: Proline Studio which is a rich client interface
and Proline Web the web client interface. An additional component called ProlineAdmin dedicated to system
administrators to setup and manage Proline.

Concepts

Read the Concepts & Principles documentation to understand the main concepts and algorithms implemented in
Proline.

How-to

Find quick answer to your questions in this How to section.

Raw file conversion to mzDB

This procedure is detailed in the mzDB Documentation section.




Proline Concepts & Principles

e Dataset types:
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Result File
Search Results

Decoy Searches
Identification Summary

e Data Processing:
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Protein Inference
Protein and Proteins Sets scoring
FDR Estimation
Validation Algorithm
Protein Sets Filtering
Merge multiple Search Results
Merge multiple Identification Summaries
Compare with Spectral Count
Quantitation (Principle)
= LC-MS gquantification
= LC-MS gquantification workflows
= mzDB-processing
= Label-free LC-MS quantitation workflow
Quantitation (Configuration)
= Label-free LC-MS quantitation configuration
= Post-processing of LC-MS guantitative results

e Data Import/Export:
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Proline considers different types of identification data: Result Files, Search Results and Identification Summaries

Identification Summary Export

which will be defined in the following sections. All these data are connected according to this chart:
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A Result File is the file created by a search engine when a search is submitted. OMSSA (.omx files), Mascot (.dat
files) and X!Tandem (.xml files) search engines are currently supported by Proline. Generic mzldentML files could
also be imported. A beta version for MaxQuant support has been implemented. Actually only search result will be
imported from MaxQuant files.

A first step when using Proline is to import Result Files through Proline Studio or Proline Web.

Search engines may provide different types of searches for MS and MS/MS data. It is important to highlight that
the Result File content depends on the search type. Proline only supports MS/MS ions searches at this point.

A Search Result is the raw interpretation of a given set of MS/MS spectra given by a search engine or a de novo
interpretation process. It contains one or many peptides matching the submitted MS/MS spectra (PSM, i.e.
Peptide Spectrum Match), and the protein sequences these peptides belong to. The Search Result also contains
additional information such as search parameters, used protein sequence databank, etc.

A Search Result is created when a Result File (Mascot .dat file, OMSSA _omx or a X! Tandem .xml) is imported in
Proline. In the case of a target-decoy search, two Search Results are created: one for the target PSMs, one for
decoy PSMs.

Content of a Search Result

Importing a Result File creates a new Search Result in the database which contains the following information:

e Search Settings: software name and version, parameters values
e Peaklist and Spectrum information: file name, MS level, precursor m/z, ...
e Search result data:
o Protein sequences
o Peptide sequences
o Spectra
o Two kinds of Matches:
= Peptide Spectrum Matches (PSM), i.e. the matching between a peptide and a spectrum,
with some related data such as the score, fragment matches...
= Protein Matches, i.e. the proteins in the databank corresponding to the PSMs identified
by the search engine

Mascot result importation

The PSM score corresponds to Mascot ion score.

OMSSA result importation

The PSM score corresponds to the negative common logarithm of the E-value:
e Score =-logl0(E-value)

Note: Proline only supports OMSSA Result Files generated with the 2.1.9 release.



X!Tandem result importation
The XITandem standard hyperscore is used as a PSM score.

Note: Proline supports X!Tandem Result Files generated with the Sledgehammer release (or later).

Proline handles decoy searches performed from two different strategies:

e Concatenated searches:

o A protein databank is created by concatenating target protein sequence to decoy protein
sequence. Decoy could be created using reverse or random strategy. A unique search is done
using that databank.

e Separated searches:

o Two searches are done using the same peaklist, one on a target protein databank and one on a
decoy protein databank. These searches are then combined to retrieve useful information such as
FDR ... Mascot allows the user to check a decoy option and automatically creates a decoy
databank.

Decoy and Target Search Result

e Concatenated searches:
o When importing a Search Result from a decoy concatenated databank, decoy data are extracted
from the Result File and stored in Proline databases as a decoy Search Result independent of the

target Search result. Nevertheless both searches are linked to each other.
e Separated searches

o0 The two performed searches are stored in Proline databases and are linked together.

See Search Result to view which information is saved.

An Identification Summary is a set of identified proteins inferred from a subset of the PSM contained in the
Search Result. The subset of PSM taken into account are the PSM that have been validated using a filtering
process (example: PSM fulfilling some specified criteria such as score greater than a threshold value).

Content of an Identification Summary
Peptide Set

Protein Set

Typical Protein
Sameset

Subset

Subsumable peptide set



All peptides identifying a protein are grouped in a Peptides Set. A same Peptides Set can identify many
proteins, represented by one Proteins Set. In this case, one protein of this Protein Set is chosen to represent
the set, it is the Typical Protein. If only a subset of peptides identify a (or some) protein(s), a new Peptide Set
is created. This Peptide Set is a subset of the first one, and identified Proteins are Subset Proteins.

——————————————————— L U N N N N N N N N N NN N W) N N N N N
1 1 1 11 1
: 1 : 1 : ped I
1 pe4 : 1 ped pe6 : 1 ° ped pe6 :
1 pes ° 11 ped ° o 11 ° o 1
1 o 11 o 11 ped I
1 pet pes - pet pes P o | pet b5 !
i Lo o : i o pe? : i o o pe’ :
] 1 1 [} i 1 o !
1 11 11 1
: 1 : 1 : P8 1
I P2:{P2,7 P5} | 1 P2:{P2,7 P5} P P2 P3 i
i F P3:{P3,P1} | | :
1 1 1 1 1 1
s T T 4

e In the first example, P2 and P5 are identified by the same peptide set {pel, pe4, pe5, pe8}. P2 was chosen
as typical protein. One subset composed of {pe4, pe5, pe8} identifies subset protein P4.

e In the second example, another protein set represented by P3 shares some peptides with the protein set
represented by P2. Both protein sets have specific peptides.

e Sharing could involve many protein sets as shown in example 3.
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All peptides sets and associated protein sets are represented, even if there are no specific peptides. In both cases
above, no choice is done on which protein set / peptide set to keep. These protein sets could be filtered after
inference (see Protein sets filtering).

There are multiple algorithms that could be used to calculate the Proteins and Protein Sets scores. Proteins scores
are computed during the importation phase while Protein Sets scores are computed during the validation phase.

Protein

Each individual protein match is scored according to all peptide matches associated with this protein,
independently of any validation of these peptide matches. The sum of the peptide matches scores is used as
protein score (called standard scoring for Mascot result files).

Protein Set

Each individual protein set is scored according to the validated peptide matches belonging to this protein set (see
inference).



Scoring schemes

Mascot Standard Scoring

The score associated to each identified protein (or protein set) is the sum of the score of all peptide matches
identifying this protein (or protein set). In case of duplicate peptide matches (peptide matched by multiple
gueries) only the match with the best score is considered.

Mascot MudPIT Scoring

This scoring scheme is also based on the sum of all non-duplicate peptide matches score. However the score for
each peptide match is not its absolute value, but the amount that it is above the threshold: the score offset.
Therefore, peptide matches with a score below the threshold do not contribute to the protein score. Finally, the
average of the thresholds used is added to the score. For each peptide match, the “threshold” is the homology
threshold if it exists, otherwise it is the identity threshold. The algorithm below illustrates the MudPIT score
computation procedure:
Protein score = 0O
For each peptide match {

IT there is a homology threshold and ions score > homology threshold {

Protein score += peptide score - homology threshold

} else if ions score > identity threshold {
Protein score += peptide score - identity threshold

}
}

Protein score += 1 * average of all the subtracted thresholds

e if there are no significant peptide matches, the protein score will be 0.

e homology and identity threshold values depend on a given p-value. By default Mascot and Proline
compute these thresholds with a p-value of 5%.

e In the case of separated target-decoy searches we obtain two values for each threshold: one for the
target search and another one for the decoy search. In order to obtain a single value we apply the
following procedure:

o the homology threshold is the decoy value if it exists else the target value
o the identity threshold is the mean of target and decoy values.

The benefit of the MudPIT score over the standard score is that it removes many of the junk protein sets, which
have a high standard score but no high scoring peptide matches. Indeed, protein sets with a large number of weak
peptide matches do not have a good MudPIT score.

Mascot Modified MudPIT Scoring

This scoring scheme, introduced by Proline, is a modified version of the Mascot MudPIT one. The difference with
the latter is that it does not take into account the average of the substracted thresholds. This leads to the
following scoring procedure:

Protein score = 0O
For each peptide match {
IT there is a homology threshold and ions score > homology threshold {
Protein score += peptide score - homology threshold
} else if ions score > identity threshold {
Protein score += peptide score - identity threshold

}
}



This score has the same benefits than the MudPIT one. The main difference is that the minimum value of this
modified version will be always close to zero while the genuine MudPIT score defines a minimum value which is
not constant between the datasets and the proteins (i.e. the average of all the subtracted thresholds).

There are several ways to calculate FDR depending on the database search type. In Proline the FDR is calculated at
peptide and protein levels using the following rules:

e if the Search has been done on a concatenated Target/Decoy bank or if rank filter has been used during
validation :

Loading...
Note: when computing PSM FDR, peptide sequences matching a Target Protein and a Decoy Protein is taken into
account in both cases.
e if the Search has been done on a separated Target/Decoy bank :

Loading...

Once a result file has been imported and a search result created, the validation is performed in four main steps:

Peptide Matches filtering and Validation

Protein Inference (peptides and proteins grouping)
Protein and Proteins Sets scoring

Protein Sets Filtering and Validation

R

Finally, the Identification Summary issued from these steps is stored in the identification database. Different
validation of a Search Result can be performed and a new Identification Summary of this Search Result is created
for each validation.

When validating a merged Search Result, it is possible to porpagate the same validation parameters to all childs
Search results. In this case Peptide Matches filtering and Validation will be applied on childs as well as Protein Sets
filtering. Note: actually, Protein Sets validation is not propagated to childs Search Results.

Peptide Matches Filtering

Peptide Matches identified in search result can be filtered using one or multiple predefined filters (described
hereafter). Only validated peptide matches will be considered for further steps.



Basic Score Filter

All PSMs which score is lower than a given threshold are invalidated.

Pretty Rank Filter

This filtering is performed after having temporarily joined target and decoy PSMs corresponding to the same
query (only really needed for separated forward/reverse database searches). Then for each query, PSMs from
target and decoy are sorted by score. A rank (Mascot pretty rank) is computed for each PSM depending on their
score position: PSM with almost equal score (difference < 0.1) are assigned the same rank. All PSMs with rank
greater than specified one are invalidated.

Minimum Sequence Length Filter (Length)

PSMs corresponding to short peptide sequences (length lower than the provided one) can be invalidated using
this parameter.

Mascot e-Value Filter (e-Value)

Allows to filter PSMs by using the Mascot expectation value (e-value) which reflects the difference between the
PSM score and the Mascot identity threshold (p=0.05). PSMs having an e-value greater than the specified one are
invalidated.

Mascot adjusted e-Value Filter (Adjusted e-Value)

Proline is able to compute an adjusted e-value. It first selects the lowest threshold between the identity and
homology ones (p=0.05). Then it computes the e-value using this selected threshold. PSMs having an adjusted
e-value greater than the specified one are invalidated.

Mascot p-Value on Identity Filter (Identity p-Value)

Given a specific p-value, the Mascot identity threshold is calculated for each query and all peptide matches
associated to the query with a score lower than calculated identity threshold are invalidated.

When parsing Mascot result file, the number of PSM candidate for a spectra is saved and could be used to
recalculate identity threshold for any p-value.

Mascot p-Value on homology Filter (Homology p-Value)

Given a specific p-value, the Mascot homology threshold is inferred for each query and all peptide matches
associated to the query with a score lower than calculated homology threshold are invalidated.

Single PSM per MS Query Filter

This filter validates only one PSM per Query. To select a PSM, following rules are applied:

For each query:

e Select PSM with higher score.
e If several PSM with same score:
0 Choose PSM which identify the protein which have the max number of valid PSM
o Ifstill equality
= Choose the first PSM

For testing purpose, it is possible to request for this filter to be executed after Peptide Matches Validation
(see below). In this case, the requested FDR in validation step is modified by this filter. This is just to confirm the
need or not of this filter and to validate the way we apply it!



Single PSM per Rank Filter

This filter validates only one PSM per Pretty Rank. If you choose this filter + a pretty rank filter you should have
the same behaviour than the “Single PSM per Query Filter”.

In order to choose the PSM, following rules are applied:

For Pretty Rank of each query:

e |If several PSM :
0 Choose PSM which identify the protein which have the max number of valid PSM
o If equality
= Choose the first PSM

For testing purpose, it is possible to request for this filter to be executed after Peptide Matches Validation
(see below). In this case, the requested FDR in validation step is modified by this filter. This is just to confirm the
need or not of this filter and to validate the way we apply it!

Peptide Matches Validation

Specify an expected FDR and tune a specified filter in order to obtain this FDR. See how_FDR is calculated.

Once previously described prefilters have been applied, a validation algorithm can be run to control the FDR:
given a criteria, the system estimates the better threshold value in order to reach a specific FDR.

Protein Sets Filtering

Filtering applied during validation is the same as Protein Sets Filtering

Protein Sets Validation
Once prefilters (see above) have been applied, a validation algorithm can be run to control the FDR. See how FDR
is calculated.

At the moment, it is only possible to control the FDR by changing the Protein Set Score threshold. Three different
protein set scoring functions are available.

Given an expected FDR, the system tries to estimate the best score threshold to reach this FDR. Two validation
rules (R1 and R2) corresponding to two different groups of protein sets (see below the detailed procedure) are
optimized by the algorithm. Each rule defines the optimum score threshold allowing to obtain the closest FDR to
the expected one for the corresponding group of protein sets.

Here is the procedure used for FDR optimization:

e protein sets are segregated in two groups, the ones identified by a single validated peptide (G1) and the
ones identified by multiple validated peptides (G2), with potentially multiple identified PSMs per peptide.
e for each of the validation rules, the FDR computation is performed by merging target and decoy protein
sets and by sorting them by descending score. The score threshold is then modulated by using
successively the score of each protein set of this sorted list. For each new threshold, a new FDR is
computed by counting the number of target/decoy protein sets having a score above or equivalent to this
value. The procedure stops when there are no more protein sets in the list or when a maximum FDR of

50% is reached. It has to be noted that the two validation rules are optimized separately:
o G2 FDR is first optimized leading to the R2 score threshold. The validation status of G2 protein

sets is then fixed.
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o final FDR (G1+G2) is then optimized leading to the R1 score threshold. Only the G1 protein sets
are here used for the score threshold modulation procedure. However the FDR is computed by
taking into account the G2 validated target/decoy protein sets.

The separation of proteins sets in two groups allows to increase the power of discrimination between target and
decoy hits. Indeed, the score threshold of the G1 group is often much higher than the G2 one. If we were using a
single average threshold, this would reduce the number of G2 validated proteins, leading to a decrease in
sensitivity for a same value of FDR.

Any Identification Summary, generated by validation or merging could be filtered.

Filtering consists in invalidating Protein Sets which doesn't follow specified criteria. Invalidated Protein Sets are
not been taken into account for further algorithms or display.

Available filtering criteria are defined below.
Specific peptides Filter

This filter invalidates protein sets that don't have at least x peptides identifying only that protein set. The
specificity is considered at the DataSet level.

This filtering go through all Protein Sets from worse score to best score. For each, if the protein set is invalidated,
associated peptides properties are updated before going to next protein set. Peptide property is the number of
identified protein sets.

Peptides count Filter

This filter invalidates protein sets that don't have at least x peptides identifying that protein set, independently of
the number of protein sets identified by the same peptide.

This filtering go through all Protein Sets. For each, if the protein set is invalidated, associated peptides properties
are updated before going to next protein set. Peptide property is the number of identified protein sets.

Peptide sequence count Filter

This filter invalidates protein sets that don't have at least x different peptide sequences (independently of PTMs)
identifying that protein set.

This filtering go through all Protein Sets from worse score to best score. For each, if the protein set is invalidated,
associated peptides properties are updated before going to next protein set. Peptide property is the number of
identified protein sets.

Protein set score Filter

This filter invalidates protein sets which score is below the a given value.

Two king of merge is allowed in Proline.

11



Merge using aggregation

Merging several Search Results consists in creating a parent Search Result which contains the best child PSM
for each peptide. The best PSM is the PSM with the highest score.

Merge using union

Merging several Search Results consists in creating a parent Search Result which contains all child PSMs from
each child Search Result. Depending on the size of the child Search Result, this operation may be long and
size of project databases may increase quickly.

Parent or child Search Results can be validated the same way.

Another merge algorithm could be used: see Merge Identification Summaries

validation
—» Parenl Search Result
bl
Identification Summary
| 1
m&r?
Search Result 1
Identification Summary
|
Search Result 2
F
| Identification Summary

Merging several Identification Summaries consists in creating a parent Identification Summary which contains the
best child PSM for each peptide ( The best PSM is the PSM with the highest score) or all validated PSMs from child
Identification Summaries depending of the merge mode used, using aggregation ou union.

A Search Result corresponding to this parent Identification Summary is generated and Protein Inference is

applied.

Even in union mode this operation should less time and size consuming as only validated PSMs are taken into
account.
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Definition

e The peptide spectral count consists in counting the number of spectra which matches the current

peptide. Thus, it is equal to the number of peptide spectrum matches.

e Protein basic spectral count (BSC) is equal to the sum of the peptide spectral count for all

peptides which identify the protein.

e Protein specific spectral count (SSC) is equal to the sum of the peptide spectral count for
specific peptide only. A specific peptide, is a peptide which does not identify any other protein (or more

precisely protein in other protein sets) in the context of the identification summaries.
e Protein weighted spectral count (WSC) is the Protein specific spectral

sharing-weighted spectral count of shared peptide.

SCpes for P2 =3 x (1/4) = 0.75
SCres for P3 =3 x (3/4)=2.25
SCyes for P2 =2 x (1/4) = 0.5
SCres fOor P3=2x (3/4)=1.5
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count +
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Example calculation of spectral count

Specificity and weight reference

The peptide specificity and the spectral count weight could be defined in the context of the Identification
Summary where the spectral count is calculated as shown in previous schema. It could also could be done using
another Identification Summary as reference, like using the common parent Identification Summary.
This allow to consider only identified and validated protein in the merge context.

If we consider the following case, where Samplel Identification Summary is the merge of Replicatl and
Replicat?.

proteins
ped 2
pes :ﬁ ped o peptides
samplet Gﬁ @ PSMs
Replicat1 “V §
p pe5 O/pf_-:' Samp|e1
Replicat2 - P3
P2
' O—@ pe6
ped pTdH—a pe7 ped
“ J o &
: pe7

g P3 pes

pes

P3

P2 .
P2 Replicat1 Replicat2

If the spectral count calculation is done at each child level, aligning protein sets identified in parent to protein sets
in child, we get the following result:

Samplel Protein Sets [Replicatl Replicat2

Ref Prot. |BSC [SSC |WSC [Ref Prot. [BSC [SSC [WSC

P2 P2 5 2 4 P3 7 7 |7

P3 P3 4 1 2 P3 7 {7 7

We can see that when different parent protein sets are seen as one protein set in a child, the spectral count is
biased. This calculation was not retain!

Now, if we align on child protein rather than protein sets, we get the following result:

Samplel Protein Sets [Replicatl Replicat2

Ref Prot. |BSC |SSC [WSC [Ref Prot. [BSC [SSC WSC

P2 P2 5 2 4 P2 2 [0 0

P3 P3 4 1 R P3 7 7 |7

Again, when considering specificity at child level, the result of spectral count in Replicat2 is not representative, as
it has a null SSC and WSC. This calculation was not retain!
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A way to make some correction is to define the specificity of the peptide and their weight at the parent level, and
apply it at the child level. Therefore, specific peptides for P2 is pe8 and for P3 it is pe6 and pe7. For peptide
weight, if we consider pe4 for example, it will be define as follow:

e Weight pe4 for P2 = 2/8 K P2 has 1 specific peptide with 2 PSM for a total of 8 PSM (if we consider P2
and P3 (6 specific PSM) which are proteins identified by pe4)
e Weight pe4 for P3 = 6/8 IK P3 has 6 specific PSMs for a total of 8 ...

The spectral count result will thus be:

Samplel Protein Sets [Replicatl Replicat2

Ref Prot. [BSC [SSC |WSC [Ref Prot. [BSC |SSC |WSC

P2 P2 5 [2 [2.75 P2 2 [0 |05
P3 P3 4 (1 B.25 P3 7 |5 65
NOTE:

In case of multiple level hierarchy (Sample K Conditionl vs Condition2 K 3 replicates by conditions), it could
make sense to calculate the spectral count weight at “Condition1” and “Condition2” levels rather than “Sample”
level to keep the difference involved by the experiment condition.

In Proline

Actually, spectral count is calculated for a set of hierarchy related Identification Summaries. In other words,
this means that Identification Summaries should have a common parent. The list of protein to compare or
to consider is created at the parent level as the peptide specificity. User can select the dataset where the shared
peptides spectral count weight is calculated. (See previous chapter)

Firstly, the peptide spectral countis calculated using following rules

e Equal to Peptide Spectrum Matches Count if Identification Summaries is a leaf (not issued from a merge)

e Sum of child peptide spectral count in case of identification Summaries merge

e Sum of validated child peptide spectral count in case of Search Result merge. Validated child PSMs
are PSMs which satisfy validation applied to parent Identification Summaries.

Once, peptide spectral count is known for each peptide, protein spectral count is calculated using following
rules

Protein BSC = sum of peptide spectral count
Protein SSC = sum of peptide spectral count for specific peptide only

e Protein WSC = SSC + weighted peptide spectral count for shared peptides. The weight of a peptide
for a given protein (P1) = peptide SC x (number of specific PSM of P1 /number of specific PSMs of all
protein identified by the peptide). See explanation in previous chapter

FAQ
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Why the BSC is less than Peptide Count ?

When running SC even on a simple hierarchy (1 parent, 2 childs) in some case we obtain a BSC less than peptide
count. This occurs only for Invalid Protein Sets. Invalid Protein Sets are the one that are present at the parent level
but was filtered at child level (filter on specific peptide for example).

Indeed, the peptide count value is read in the child Protein Sets. On the other hand, the BSC is calculated by
getting the spectral count information at child level for each peptide identified at parent level. If a Protein Set is

invalidated, its peptide are not taken into account while merging so some of them could be missing at parent level
if there were not identified in the other child.

This case is illustrated here

Datasetl Dataset2
S 5
°
s O —"
P2 (subset) P3 P2 (subset)
. subse
(representative) (representative) P4
P4 (representative)
(representative)
Peptides & Proteins in parent o Parent
pP3: © O O ) 0
pe4 pe6 pe7 pe? ped ped \
: OIONG) .
P4 : 04 pe7 pel ped P3 pet P2 (subset)
pe
(representative)
p2: O ) P4
ped ped (representative)

In this example we consider 1 SC per peptide

Protein
Sets Statut Pep BSC™  Statut Pep BSC™
* pepCount is read in child DataSet Protein Sets Count ” Count”
** Calculated getting, for each Parent peptides,
the Dataset SC Invalid 4 3 represent 2 2
ative
PA representa 3 3 represent 3 3
tive ative

This section will describes in details the quantitation principles and concepts.

e LC-MS quantification: Different strategies for quantitative analysis
e LC-MS quantification workflows : Workflow and implementation in Proline
e mzDB-processing : Extracting peptidic signals from a file converted into the mzDB format
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e Label-free LC-MS guantitation workflow : Label Free specific workflow

Different strategies for quantitative analysis

Although 2D-gel analysis has been a pioneer method in this field, it has been gradually replaced by LC-MS/MS
analysis allowing nowadays to quantify a larger number of proteins and allowing their identification.
Quantification is made on thousands of species and requires new and adapted algorithms for the processing of
complex data. Two major strategies are available to perform LC-MS/MS relative quantification: strategies based
on isotopic-labeling of peptides or proteins in one of the compared conditions, and label-free based strategies
that can be analyzed in different ways. There are usually three types of LC-MS/MS data analyses (cf. figure 1):

e Extraction of a couple of MS signals detected within a single analysis when using an isotopic-labeling

strategy
e Counting and comparing the number of fragmentation spectra (MS/MS) of peptides from a given protein

detected in parallel analysis (“Label-free quantitation based on spectral-counting”),
e Extraction, alighment and comparison of the MS signal intensities from the same peptide detected in
parallel analysis (“Label-free quantitation based on LC-MS signal extraction”).
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Figure 1: Main view of different approaches of LC-MS/MS quantitative analysis. (Mueller, Brusniak
et al. 2008)
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