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OVERVIEW

RESULTS

Purpose: The purpose of this presentation is to
describe our software programs for processing
iTRAQ data from QTOF2 LC MS/MS.

Methods: Scripts and macros written in Perl and
Microsoft VBA were developed to extract iTRAQ
reporter ion intensities and attached the values to
the protein identification based on query number in
the Mascot search. Our scripts are modeled after
the strategy used in the GPS Explorer program
(Applied BioSytems).

Results: Step-by-step instructions and examples
are provided for using our scripts and macros
available at
http://www.lerner.ccf.org/eye/crabb/software/.

INTRODUCTION

Applications of iTRAQ quantitative proteomics
technology (Ross et al., 2004) are growing in the
literature and this methodology has facilitated our
research. However, applying iTRAQ technology
with mass spectrometers other than those sold by
the iTRAQ reagent vendor can be problematic
because of a paucity of appropriate software. To
overcome this problem for our research, we have
developed a step-by-step workflow of
compartmentalized programs in Perl script and in
Visual Basic for Applications (VBA) Macros. The
purpose of this presentation is to describe our
programs and to make them available.

METHODS

Figure 1. iTRAQ Proteomics Work Flow
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On-line LC MS/MS analyses were performed with a
QTOF2 mass spectrometer and Cap LC system
(Waters). Protein identification utilized MASSLYNX
4.1 software (Waters), the Mascot search engine and
the SwissProtein sequence database. Merged
database search results were exported in .csv
format. Custom procedures written in Perl script and
VBA macros extracted peak intensities of the iTRAQ
reporter ions from each MSMS spectrum and
attached the values to the protein identification
based on query number in the Mascot search.
Thresholds for quantitation included a minimum of
two unique peptides per protein, minimum iTRAQ
tag ion intensities of 7-15 and peptide Mascot ion
scores 2 25.

Our script for iTRAQ quantitation is modeled
after the bioinformatic strategy used in the GPS
Explorer program from the iTRAQ reagent vendor
(Applied Biosytems). After filtering away peptides
that do not meet threshold criteria, a global median
peptide iTRAQ ratio was calculated from all the
remaining data. Individual peptide iTRAQ ratios were
normalized to the global median [normalized iTRAQ
ratio = un-normalized iTRAQ ratio/median], then for
each protein a mean ratio, standard deviation (STD)
and relative standard deviation (RSD = STD/mean x
100) was calculated. A median protein iTRAQ ratio
was then calculated and each data set was
smoothed (re-normalized) to median = 1.0. Recent
application of our iTRAQ software programs are
presented on ASMS’07 posters MP530 (Yuan et al.,
2007) and MP531 (Gu et al., 2007).

Figure 2. QTOF2 LC MS/MS Peak List

Our peak list generation from QTOF2 LC MS/MS
is done with ProteinLynx, a component of
MassLynx software (Waters). Each peak
identified during a QTof analysis is appended to
a peak list file (example shown). The observed
m/z, intensity, and charge state (shown in bold)
is followed by multiple lines of MS/MS ions and
intensity pairs. Peak lists are the input files
searched by the Mascot Protein Identification
search engine.
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Our software extracts the iTRAQ reporter ion
intensities from the Mascot Resullt file and
correlates it with the peptide sequence. The
program scans the peak lists submitted for the
Mascot search and records the intensity of each
observed iTRAQ tag (eg, m/z 114, 115, 116,
117). iTRAQ tags 116 and 117 were used for
the data shown. The program allows minimum
threshold values to be implemented for iTRAQ
reporter ion intensity and Mascot ion score.
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Figure 3. Database Search Settings using Mascot 2.1

(A) Typical Mascot Daemon settings; (B) Mascot export options for data
(C) Mascot Command-Line for streamlined data export

iTRAQ Software Installation and Use

The following programs facilitate iTRAQ data processing from QTOF2 MS data. Our
programs use Perl scripts and Excel Macros. The programs and instructions are
lable at http://www.lerner.ccf.org/eye/crabb/software/.

Confirm y is i
Required Software:
Microsoft Office - Excel and Microsoft Visual Basic v6.3
ActivePerl- free download- Windows XP installer
Operating System: Windows XP.

& properly ig

Instructions
1) Collect all peak list (.pkl) output files (Figure 2) from QTof2 data

2) Submit search through Mascot Daemon (Figure 3A)
3) Export Mascot Search Results (Figure 3B,C)
4) Create a directory (i.e., c:\\'TRAQ-Extractor\ )

5) Download Perl scripts and Excel files to the directory, including:
1) C:AITRAQ-Extractor\MascotqueryParse.pl
2) C:\iTRAQ-Extractor\ProteinCalculate.pl
3) C:ITRAQ-Extractor\Mascot-iTRAQ-Utility.xls

6) Open Mascot-iTRAQ-Utility.xls
An Auto run Macro will begin when the file is opened.
Select the Mascot Export file (.csv) which you wish to process
In the Next Dialog box enter the iTRAQ tag (114, 115, 116, 117) used to label
the numerator
Enter iTRAQ tag to label denominator
Enter iTRAQ minimum intensity cutoff
Confirm parameters are correct, if not cancel and re-run the file.

Clicking OK in the confirmation window will begin processing the results file
which takes a few minutes to run the first perl script. preliminary result file
<file>.csv.Proteins.csv (See Figure 4) is produced

After a short delay (1-2 minutes) another window appears to confirm the peptide-
level normalization factor is appropriate. Clicking yes proceeds to run the
second perlScript (ProteinCalculate.pl) with the displayed normalization
factor. Clicking no will prompt the user to use a Peptide-level normalization
factor of 1 (l.e., no change). Clicking No again will abort the run.

Once the second Perlscript begins processing another short delay (1-2 minutes)
and a second intermediate file is created:
<file>.csv.SummedProteinValues.csv (See Figure 5).

Control returns to the Excel Macro which opens this file and continues
processing to format a concise individual sample report (Figure 6), extended
data is accessible to produce individual protein reports (Figure 7)

7) ProteinSummaryTable.xls is used to generate multi-sample reports (Figure 8).

Figure 5. Example of Preliminary Results <file>.csv.SummedProteinValues.csv

Figure 6.
dual iTRAQ Sample Report

Figure 7.
Single Protein iTRAQ Report

Figure 8. Multi-Sample iTRAQ Report

CONCLUSIONS

Figure 4. Example of Preliminary Results <file>.csv.Proteins.csv

The software presented here extracts iTRAQ relative protein quantitation data from Waters Q-Tof MS/MS peaklist-based Mascot
search results. Variabiity of peptide quantitation is reported as relative standard deviation. The programs also provide a
mechanism to combine, compare and consolidate replicate data sets. The programs can be easily modified and can serve as a
template for other groups who may wish to adapt them to suit specialized purposes.

REFERENCES

Gu X, JS Crabb, K Shadrach, X Yuan, JG Hollyfield and JW Crabb (2007) iTRAQ Quantitation of Proteins following SDS-PAGE Fractionation. Proceedings of the 55th ASMS
Conference on Mass Spectrometry and Allied Topics, Indianapolis I, June 3 -June 7, 2007. Poster MP531

Ross, P.L., Huang, Y.N., Marchese, J.N., Wiliamson, B., Parker, K., Hatian, S., Khainovski, N., Pillai, S., Dey, S., Daniels, S.Purkayastha, S., Juhasz, P., Martin, S., Barlet-
Jones, M., He, F., Jacobson, A, and Pappin, D. 2004. Multiplexed protein cerevisiae using tive isobaric tagging reagents. Mol Cell
Proteomics 3:1154-1169.

Yuan X, JS Crabb, K Shadrach, X Gu, JG Hollyfield and JW Crabb (2007) iTRAQ Quantitation of Proteins in AMD Bruch’s Membrane following SCX Fractionation.
Proceedings of the 55th ASMS Conference on Mass Spectrometry and Allied Topics, Indianapolis IN, June 3-June 7, 2007. Poster MP530.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2304.000 1440.000]
>> setpagedevice


