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Abstract. The formation of fruiting bodies by myxobacteria colonies
involves altruistic suicide by many individual bacteria and is thus vulner-
able to exploitation by cheating mutants. We report results of simulations
that show how in a structured environment with patchy distribution of
cheating mutants the wild type might persist.

This work was inspired by experiments on myxobacteria Myxococcus ranthus
reported in [I]. Under adverse environmental conditions individuals in an M.
zanthus colony aggregate densely and form a raised “fruiting body” that consists
of a stalk and spores. During this process, many cells commit suicide in order to
form the stalk. This “altruistic suicide” enables spore formation by other cells.
When conditions become favorable again, the spores will be released and may
start a new colony.

Velicer et al. studied in [I] some mutant strains that were deficient in their
ability to form fruiting bodies and had lower motility but higher growth rates
than wild-type bacteria. When mixed with wild-type bacteria, these mutant
strains were significantly over-represented in the spores in comparison with their
original frequency. Thus these mutants are cheaters in the sense that they reap
the benefits of the collective action of the colony while paying a disproportionally
low cost of altruistic suicide during fruiting body formation. The authors of [I]
ask which mechanism insures that the wild-type behavior of altruistic suicide is
evolutionarily stable against invasion by cheating mutants.

We conjecture that a clustered distribution of mutants at the time of sporu-
lation events could be a sufficient mechanism for repressing those mutants. One
possible source of such clustering could be lower motility of mutants.

A detailed description of the program written to test this conjecture, the
source code, as well as all output files, can be found at the following URL:
www.math.ohiou.edu/just/Myxo/. The program simulates growth, develop-
ment, and evolution of ten M. zanthus colonies over 500 seasons (sporulation
events). Each season consists on average of 1,000 generations (cell divisions).
Each colony is assumed to live on a square grid, and growth of the colony is
modeled by expansion into neighboring grid cells. At any time during the sim-
ulation, each grid cell is characterized by the number of wild-type and mutant
bacteria that it holds. At the end of each season, fruiting bodies are formed in
regions where sufficiently many wild type bacteria are present. After each sea-
son, the program selects randomly ten fruiting bodies formed in this season and

E. Canti-Paz et al. (Eds.): GECCO 2003, LNCS 2723, pp. 154-[I55] 2003.
© Springer-Verlag Berlin Heidelberg 2003


Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.
Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.

ALLGEMEIN ----------------------------------------
Dateioptionen:
     Kompatibilität: PDF 1.3
     Für schnelle Web-Anzeige optimieren: Nein
     Piktogramme einbetten: Nein
     Seiten automatisch drehen: Nein
     Seiten von: 1
     Seiten bis: Alle Seiten
     Bund: Links
     Auflösung: [ 2400 2400 ] dpi
     Papierformat: [ 594.962 841.96 ] Punkt

KOMPRIMIERUNG ----------------------------------------
Farbbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 300 dpi
     Downsampling für Bilder über: 450 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Maximal
     Bitanzahl pro Pixel: Wie Original Bit
Graustufenbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 300 dpi
     Downsampling für Bilder über: 450 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Maximal
     Bitanzahl pro Pixel: Wie Original Bit
Schwarzweiß-Bilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 2400 dpi
     Downsampling für Bilder über: 3600 dpi
     Komprimieren: Ja
     Komprimierungsart: CCITT
     CCITT-Gruppe: 4
     Graustufen glätten: Nein

     Text und Vektorgrafiken komprimieren: Ja

SCHRIFTEN ----------------------------------------
     Alle Schriften einbetten: Ja
     Untergruppen aller eingebetteten Schriften: Nein
     Wenn Einbetten fehlschlägt: Abbrechen
Einbetten:
     Immer einbetten: [ /Courier-BoldOblique /Helvetica-BoldOblique /Courier /Helvetica-Bold /Times-Bold /Courier-Bold /Helvetica /Times-BoldItalic /Times-Roman /ZapfDingbats /Times-Italic /Helvetica-Oblique /Courier-Oblique /Symbol ]
     Nie einbetten: [ ]

FARBE(N) ----------------------------------------
Farbmanagement:
     Farbumrechnungsmethode: Farbe nicht ändern
     Methode: Standard
Geräteabhängige Daten:
     Einstellungen für Überdrucken beibehalten: Ja
     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja
     Transferfunktionen: Anwenden
     Rastereinstellungen beibehalten: Ja

ERWEITERT ----------------------------------------
Optionen:
     Prolog/Epilog verwenden: Ja
     PostScript-Datei darf Einstellungen überschreiben: Ja
     Level 2 copypage-Semantik beibehalten: Ja
     Portable Job Ticket in PDF-Datei speichern: Nein
     Illustrator-Überdruckmodus: Ja
     Farbverläufe zu weichen Nuancen konvertieren: Ja
     ASCII-Format: Nein
Document Structuring Conventions (DSC):
     DSC-Kommentare verarbeiten: Ja
     DSC-Warnungen protokollieren: Nein
     Für EPS-Dateien Seitengröße ändern und Grafiken zentrieren: Ja
     EPS-Info von DSC beibehalten: Ja
     OPI-Kommentare beibehalten: Nein
     Dokumentinfo von DSC beibehalten: Ja

ANDERE ----------------------------------------
     Distiller-Kern Version: 5000
     ZIP-Komprimierung verwenden: Ja
     Optimierungen deaktivieren: Nein
     Bildspeicher: 524288 Byte
     Farbbilder glätten: Nein
     Graustufenbilder glätten: Nein
     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja
     sRGB ICC-Profil: sRGB IEC61966-2.1

ENDE DES REPORTS ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<
     /ColorSettingsFile ()
     /AntiAliasMonoImages false
     /CannotEmbedFontPolicy /Error
     /ParseDSCComments true
     /DoThumbnails false
     /CompressPages true
     /CalRGBProfile (sRGB IEC61966-2.1)
     /MaxSubsetPct 100
     /EncodeColorImages true
     /GrayImageFilter /DCTEncode
     /Optimize false
     /ParseDSCCommentsForDocInfo true
     /EmitDSCWarnings false
     /CalGrayProfile (Ø©M)
     /NeverEmbed [ ]
     /GrayImageDownsampleThreshold 1.5
     /UsePrologue true
     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /AutoFilterColorImages true
     /sRGBProfile (sRGB IEC61966-2.1)
     /ColorImageDepth -1
     /PreserveOverprintSettings true
     /AutoRotatePages /None
     /UCRandBGInfo /Preserve
     /EmbedAllFonts true
     /CompatibilityLevel 1.3
     /StartPage 1
     /AntiAliasColorImages false
     /CreateJobTicket false
     /ConvertImagesToIndexed true
     /ColorImageDownsampleType /Bicubic
     /ColorImageDownsampleThreshold 1.5
     /MonoImageDownsampleType /Bicubic
     /DetectBlends true
     /GrayImageDownsampleType /Bicubic
     /PreserveEPSInfo true
     /GrayACSImageDict << /VSamples [ 1 1 1 1 ] /QFactor 0.15 /Blend 1 /HSamples [ 1 1 1 1 ] /ColorTransform 1 >>
     /ColorACSImageDict << /VSamples [ 1 1 1 1 ] /QFactor 0.15 /Blend 1 /HSamples [ 1 1 1 1 ] /ColorTransform 1 >>
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ColorConversionStrategy /LeaveColorUnchanged
     /PreserveOPIComments false
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /ColorImageResolution 300
     /EndPage -1
     /AutoPositionEPSFiles true
     /MonoImageDepth -1
     /TransferFunctionInfo /Apply
     /EncodeGrayImages true
     /DownsampleGrayImages true
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDownsampleThreshold 1.5
     /MonoImageDict << /K -1 >>
     /Binding /Left
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /MonoImageResolution 2400
     /AutoFilterGrayImages true
     /AlwaysEmbed [ /Courier-BoldOblique /Helvetica-BoldOblique /Courier /Helvetica-Bold /Times-Bold /Courier-Bold /Helvetica /Times-BoldItalic /Times-Roman /ZapfDingbats /Times-Italic /Helvetica-Oblique /Courier-Oblique /Symbol ]
     /ImageMemory 524288
     /SubsetFonts false
     /DefaultRenderingIntent /Default
     /OPM 1
     /MonoImageFilter /CCITTFaxEncode
     /GrayImageResolution 300
     /ColorImageFilter /DCTEncode
     /PreserveHalftoneInfo true
     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /ASCII85EncodePages false
     /LockDistillerParams false
>> setdistillerparams
<<
     /PageSize [ 595.276 841.890 ]
     /HWResolution [ 2400 2400 ]
>> setpagedevice


A Possible Mechanism of Repressing Cheating Mutants in Myxobacteria 155

seeds the new colonies with a mix of bacteria in the same proportions as the
proportions found in the fruiting body that was chosen for reproduction.

The proportion of wild-type bacteria in excess of carrying capacity that move
to neighboring grid cells in the expansion step was set to 0.024. We run ten
simulations each for parameter settings where mutants in excess of carrying
capacity move to neighboring grid cells at rates of 0.006, 0.008, 0.012, and 0.024
and grow 1%, 1.5%, or 2% faster than wild-type bacteria. In the following table,
the column headers show the movement rates for the mutants, row headers show
by how much mutants grow faster than wild type bacteria, and the numbers
in the body of the table show how many of the simulations in each run of ten
simulations reached the cutoff of 500 seasons without terminating due to lack of
fruiting body formation.

Table 1. Number of simulations that run for 500 seasons

0.006 0.008 0.012 0.024

1% 9 7 5 0
1.5% 6 5 2 0
2% 5 4 2 0

These results show that for many of our parameter settings, wild-type bac-
teria can successfully propagate in the presence of cheating mutants. Successful
propagation of wild-type bacteria over many seasons is more likely the less the
discrepancy in growth rates of mutants and wild type is, and the less mobile the
mutants are. This can be considered as a proof of principle for our conjecture.

All our simulations in which mutants have the same motility as wild-type
bacteria terminated prematurely due to lack of fruiting body formation. The
authors of [2] report that motility of mutant strains that are deficient in their
ability to form fruiting bodies can be (partially) restored in the laboratory. If
such mutants do occur in nature, then our findings suggest that another defense
mechanism is necessary for the wild-type bacteria to prevail against them.
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