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A common challenge of identifying meaningful patterns in high-dimensional biological
data is the complexity of the relationship between genotype and phenotype. Complexity
arises as a result of many environmental, genetic, genomic, metabolic and proteomic
factors interacting in a nonlinear manner through time and space to influence variability
in biological traits and processes. The assumptions we make about this complexity
greatly influences the analytical methods we choose for data mining and, in turn, our
results and inferences. For example, linear discriminant analysis assumes a linear addi-
tive relationship among the variables or attributes while support vector machine or
neural network can model nonlinear relationships. Regardless, it is a useful exercise to
think about where biological complexity comes from as a way to facilitate the selection
of data mining methods. One important theory is that evolution has shaped the com-
plexity of biological systems. More specifically, we introduce here canalization as an
evolutionary force in biological systems.

Canalization is broadly defined as the evolution of phenotypic robustness to genetic
or environmental perturbations [see for e.g. [1-3]]. Canalization buffers developmental
pathways against the tendency for both new allelic variants and environmentally-
induced noise to generate suboptimal phenotypes, and thereby ensures the reliability of
vital mechanisms such as cognition, glucose metabolism or immune response [4].

Canalization implies a reduction in trait variability [1,3], i.e. in the propensity to vary
in response to mutations or environmental changes [5], whereas it leaves genetic varia-
bility unaffected, allowing for cryptic genetic variation to accumulate [6]. By repressing
the expression of existing genetic variation and of novel mutations, canalization
reduces the responsiveness of traits to natural selection [5], and hence their potential
to evolve [1,3]. However, if selection for canalization weakens, the building-up of hid-
den genetic variation likely increases the potential for evolutionary divergence [1,4].

Several molecular mechanisms contribute to canalization [see for e.g. [3]], including
redundancy [7] and regulatory genetic interactions [5,8,9]. In the present context,
redundancy refers to the compensation for the loss of a gene’s activity by one or
several alternative genes derived from the same ancestor through gene duplication [7].
The notion of canalization through genetic interactions refers to both the modification
of existing interactions and the incorporation of new ones as additional genes enter
existing genetic networks [9]. Hence in the former case, robustness is achieved because
diverse genetic modules - ranging from single haploid genes to complex genetic
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networks - can produce virtually identical phenotypes, whereas in the latter, it is
achieved by ensuring the robust structure of the genetic networks underlying
phenotypes.

Canalization provides a theoretical basis for understanding how evolution shapes the
genotype-phenotype relationship. Complexity due to nonlinearity can arise as a result
of highly redundant gene networks that evolved to stabilize phenotypes, thus making
organisms more resistant to genetic and environmental perturbations. The implications
of canalization for data mining could be significant and should be kept in mind when
planning, executing and interpreting the analysis of high-dimensional biological data.

Author details

"Dartmouth College, Institute for Quantitative Biomedical Sciences, One Medical Center Dr,, Lebanon, NH 03756, USA.
’Dartmouth Medical School, Department of Genetics, One Medical Center Dr., Lebanon, NH 03756, USA. 3Dartmouth

Medical School, Department of Community and Family Medicine, One Medical Center Dr,, Lebanon, NH 03756, USA.

Received: 23 March 2011 Accepted: 10 April 2011 Published: 10 April 2011

References

1. Gibson G, Wagner GP: Canalization in evolutionary genetics: a stabilizing theory? BioEssays 2000, 22:372-380.

2. Siegal ML, Bergman A: Waddington’s canalization revisted: developmental stability and evolution. Proc Natl Acad Sci
2002, 99:10528-10532.

3. Flatt T: The evolutionary genetics of canalization. Quart Rev Biol 2005, 80:287-316.

4. Gibson G: Decanalization and the origin of complex disease. Nat Rev Gen 2009, 10:134-140.

5. Wagner GP, Booth G, Bagheri-Chaichian H: A population genetic theory of canalization. Evolution 1997, 51:329-347.

6. Waddington CH: Canalization of development and the inheritance of acquired characters. Nature 1942,
3811:563-565.

7. Wilkins AS: Canalization: a molecular genetic perspective. BiosEssays 1997, 19:257-262.

8. Rice SH: The evolution of canalization and the breaking of von Bear's laws: modeling the evolution of

development with epistasis. Evolution 1998, 52:647-656.
9. Proulx SR, Phillips PC: The opportunity for canalization and the evolution of genetic networks. Am Nat 2005,
165:147-162.

doi:10.1186/1756-0381-4-7
Cite this article as: Urbach and Moore: Data mining and the evolution of biological complexity. BioData Mining
2011 4:7.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVled Central



http://www.ncbi.nlm.nih.gov/pubmed/10723034?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12082173?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16250465?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15729647?dopt=Abstract

	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 /Warning
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


