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Overview

+ Alignment of LC-MS features is used to
correct for systematic variation; a critical
step for comparative LC-MS data analysis.

Alignment performed by selecting a single
reference dataset; without a priori
knowledge is non-trivial (may require a
N-squared dataset comparison).

Use of fractal geometry to assist selection
of a reference dataset by computing a
single global descriptor so N-x-N analysis is
not required.

Method can be extended to high throughput
operations as it quantifies how a sample
spans the mass and retention time
dimension.

This method may serve as a data quality
metric.

Introduction

* The Minkowski-Bouligand (MB) dimension [1] is an
approximation of fractal dimension. It can be used
to describe the distribution of data in space.

We calculate a MB dimension for a given dataset
using the box-counting algorithm. This dimension is
useful to alignment because MB can provide a
single value describing how a dataset covers mass
and LC retention time dimensions.

To demonstrate this mathematical approach, LC-
MS features were extracted from 566 LC-MS
datasets of tryptically digested Shewanella
oneidensis MR1 whole cell lysates. Each dataset
is assigned a MB dimension.

To show application to meta-proteomics analysis,
29 LC-MS datasets obtained from environmental
biomass recovered from a U(VI) bioremediation
project at the Rifle IFRC were aligned in an N-
squared comparison to show the relationship
between MB dimensions and cluster sizes.

Methods

* LC-MS features are extracted from raw mass spectra by
first deisotoping using Decon2LS [2].

« These features are annotated with LC retention times and
clustered using VIPER [3].
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A fractal dimension is an abstract concept that an object’s dimension is not a
whole integer. Instead it has a real value dimension bounded between the two
dimensions in a Euclidean space that it is modeled. For example, the rectangle
shown covers the entire area so is said to have a dimension of D=2. The triangles
do not quite span the entire space, but span more than the R=1 subspace; thus
their dimension is real number bounded by R=[1,2].

« Box-Counting recursively divides LC-MS features into
quadrants based on their position in the mass and
normalized elution time (NET) plane.

« At each iteration the Minkowski-Bouligand Dimension (MB),

D,

is approximated as:

p = log( 1;/ )
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where N is the number of quadrants containing at least one
LC-MS feature, and ris a scaling factor.
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Iterations of the box-counting methods are shown. The red squares indicate boxes
with no LC-MS features.

Since the Box-Counting algorithm is iterative, we show that
the MB dimension can be computed in only a few iterations
making it a tractable computation. It can also be extended to
higher dimensions (e.g., R=3 using cubes).
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algorithm’s iteration. The
dimension converges within a few
iterations.
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+ Clustering of features is useful for identifying expression
profiles across biological conditions. Profiles are
constructed with two or more features, making smaller
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These histograms show the total number of clusters for each cluster size (member count). The far left histogram shows all cluster sizes.
* To show the robustness of MB to the number The middle histogram shows clusters with only a few members. The right histogram shows the larger clusters.

of LC-MS features, we randomly removed
LC-MS features from a Shewanella dataset
up to 50%. Although 50% of the features are
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Peptide identification

» We matched two Shewanella datasets to a reference database containing
51,000 accurate mass and time tags filtered by a Peptide Prophet score of
0.99. The first data set had a MB dimension of 1.08 and 7637 features. The
second data set had a MB dimension of 1.44 and 7640 LC-MS features.

starting upper left heading right to bottom. This shows a
correlation between shape quality and MB independent of
feature count.

» Matches were constrained by STAC (Statistical Tools for AMT tag Confidence*) scores to
ensure confident matches to confident tags. Using a STAC cutoff score of .9 the dataset
with a MB value of 1.44 had 1833 matches, while the dataset with a MB value of 1.08
matched to 1357 AMT tags.

*Manuscript in progress.
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Conclusions

» The Minkowski-Bouligand metric is
independent of instrumentation and thus
useful as a global descriptor.

* The box-counting method converges after a
few iterations; calculation of the Minkowski-
Bouligand dimension scales linearly in time
and space complexity.

» Since the box-counting method can be
extended to higher dimensional data, it is
useful for analyzing LC-MS measurements
coupled with other separation types.

* Using a higher MB scored dataset as a
reference for alignment improved clustering
results for meta-proteomics samples.

» Our approach can assign a single value to a
LC-MS feature set without requiring visual
inspection of data, making it conducive for
high-throughput operation.

Acknowledgements

The research described was conducted under the LDRD Program at the Pacific
Northwest National Laboratory: a multiprogram national laboratory operated by
Battelle for the U.S. Department of Energy under Contract DE-AC05-
76RL01830.

were lyzed using ilities developed under the support of the
NIH National Center for Research Resources (RR18522) and the U.S.
Department of Energy Bit ical and Envi tal R (DOE/BER).

Significant portions of the work were performed in the Environmental Molecular
Science Laboratory, a DOE/BER national scientific user facility at Pacific
Northwest National Laboratory (PNNL) in Richland, Washington. PNNL is
operated for the DOE by Battelle under contract DE-AC05-76RLO-1830.

References

1. Mandelbrot, B.B. (1982). The Fractal Geometry of Nature. W.H.
Freeman and Company, 1982.

2. Jaitly N, Mayampurath A, Littlefield K, Adkins JN, Anderson GA, et al.
Decon2LS: An open-source software package for automated processing
and visualization of high resolution Mass Spectrometry Data. BMC
Bioinformatics. 2009;10:87

3. Monroe ME, Toli¢ N, Jaitly N, Shaw JL, Adkins JN, Smith RD. VIPER:
an advanced software package to support high-throughput LC-MS
peptide identification. Bioinformatics. 2007 Aug 1;23(15):2021-3.

CONTACT: Brian LaMarche
Environmental Molecular Science
Laboratory, K8-91

Pacific Northwest National Laboratory
P.O. Box 999, Richland, WA 99352
E-mail: brian.lamarche@pnl.gov




<<
  /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 true
  /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 true
  /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 ()
  /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 [612.000 792.000]
>> setpagedevice


