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1 Introduction.

Overlapping genes are abundant in viruses, mitochondria, bacterial chromosomes and plasmids.
There are two explanations to depict the existence of overlapping genes: 1) genome compactness [1]
and 2) transcriptional or functional coupling [2]. However, a recent study had shown that the
genome compactness did not correlate well with the overlapping frequencies [3]. Therefore, in this
research, we tried to discover the conserved overlapping genes in microbial genomes for functional
analysis and bidirectional promoter study. In previous studies, overlapping genes are usually
defined as the adjacent coding sequences (CDS) that overlap partially and share one or more
nucleotides [4]. Nevertheless, the complete gene structure should include both the transcription
regulatory regions at the 5° upstream end and the termination region at the 3° downstream end of
coding sequences. In addition, genes for ribosomal RNA (rRNA) and transfer RNA (tRNA) should
also be identified as functional genes in genome sequences. Therefore, we extended the definition
of overlapping genes to include coding sequences, ribosomal RNAs and transfer RNAs.
Furthermore the overlapping region of coding sequence was expanded to allow longer spacing
between two adjacent genes to include potential -10, -35 signals and transcription terminators.
Under these constraints, we reinvestigated the properties of overlapping genes in completely
sequenced Vibrio genomes. In addition, we extracted the overlapping gene pairs for similarity
search to identify the conserved overlapping genes among all sequenced species.

2 Materials and Methods

Five completed Vibrio genome sequences from Vibrio cholerae O1 biovar eltor str. N16961, Vibrio
fischeri ES114, Vibrio parahaemolyticus RIMD 2210633, Vibrio vulnificus CMCP6, and Vibrio
vulnificus YJ016 (totally ten chromosomes) were downloaded from NCBI genome database in
GenBank format. The overlapping genes were classified into three separate categories: 1)
‘convergent’ (=€), 2) ‘unidirectional’ (=»=» or € <€), and 3) ‘divergent’ (€=>») [4]. To cover
both the transcriptional initiation and termination sites of all the gene structures, we expanded the
overlapping regions to allow adjacent genes be overlapped partially within 30 base pairs or share
upstream or downstream regions in a length of 200 base pairs. All of the coding sequences,
ribosomal RNAs, transfer RNAs and their positions in genome sequences and annotated functions
(or products) were extracted, sorted and parsed into SQL database. Using both the start and stop
positions of all neighboring genes, the overlapping and spacing distances were calculated. All of
the gene pairs and the overlapping/spacing information were imported into SPSS for further
statistical analysis. In addition, the nucleotide and amino acid sequences of three types of adjacent
gene pairs were extracted and saved into FASTA format for further tblastx alignment and
Clustal W-MPI analysis to identify all the conserved adjacent gene pairs. For bidirectional promoter
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analysis, only divergent adjacent genes were used. All these sequence alignment procedures were
performed on an Apple Xserve G5 cluster.

3 Results

Based on the criteria used in Section 2, there were totally 17,026 gene pairs extracted.
Figure 1 illustrated the size frequency distribution of overlapping and spacing sizes. The
most frequently found overlapping sizes are 4 bps (908, 5.3%), 1 bps (555, 3.3%), and 8
bps (258, 1.5%). The most frequently discovered spacing sizes between neighboring genes
are 2 bps (304, 1.8%), 9 bps (279, 1.6%) and 3 bps (236, 1.4%). In addition, Table 1 depicted the
frequency distribution of the three different types of directional patterns. All of the gene pairs were
used to identify the conserved overlapping genes. Furthermore, the 1,633 divergent gene pairs were
used to predict all the bidirectional promoters.
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Figure 1: Size frequency distribution of the overlapping genes

Frequency | Percent
Unidirectional (2->) 6071 35.7
Unidirectional (€ €) 6233 36.6
Convergent (2 <) 3059 18.0
Divergent (<) 1663 9.8
Total 17026 100.0

Table 1: Distribution frequency of three directional pattern types

4 Acknowledgments
This work is supported by a NRPGM (National Research Program for Genomic Medicine) grant (NSC
93-3112-B-010-011) from the National Science Council of the R.O.C.

References

[1] Krakauer, D.C., 2000, Stability and evolution of overlapping genes. Evol. Int. J. Organ. Evol. 54, 731-739.
[2] Inokuchi, Y., Hirashima, A., Sekine, Y., Janosi, L., Kaji, A., 2000. Role of ribosome recycling factor (RRF) in
translational coupling. EMBO J. 19, 3788-3798.

[3] Johnson, Z.I., Chisholm, S.W., 2004. Properties of overlapping genes are conserved across microbial genomes.
Genome Research 14, 2268-2272.

[4] Fukuda, Y., Nakayama, Y., Tomita, M., 2003. On dynamics of overlapping genes in bacterial genomes. Gene
323, 181-187.




<<
  /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


