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Goal

To examine the reliability of using pairwise differences between mtDNA sequences (and
of other methods of molecular analysis) for inferring the timing of past speciation, using
individual-based evolutionary models.

Background and motivation

Today a host of different molecular data exists for many organisms. With the help of
molecular data we can study gradual evolution, speciation, and others population
processes. Even though different molecular methods exist for this purpose, there is a
problem of assessing the reliability of existing techniques and of devising new techniques
where necessary. In this study I will focus on methods based on pairwise differences
between mtDNA sequences and compare these with alternative methods.

We use a numerical evolutionary model for the study of speciation processes. Modern
computing greatly facilitates the investigation of such individual-based models. These
models correspond more closely to natural populations of organisms than do other,
simpler models. Simulating the molecular evolution of neutral “nucleotide” sequences in
addition to that of selected characters gives us an opportunity of investigating the
applicability and reliability of available phylogenetic techniques. The neutral sequences
considered in our model are transferred to offspring via the maternal line, which is
analogous to the transfer of mitochondrial DNA (mtDNA).

Phylogenetic evolutionary trees can be constructed using molecular sequences
extracted at the end of simulation runs; these demonstrate the possibility of reconstructing
evolutionary history. Numerical indicators can assess the genetic exchange between
subpopulations. Also environmental change, resulting in changing population sizes, can
be traced based on neutral molecular data (Strimmer and Pybus, 2001, Emerson et al.,
2001). The individual-based model allows us to estimate the reliability of these and
alternative methods (Semovski and Sherbacov, manuscript, Emerson et al., 2001). In
addition, questions about the speed of molecular evolution can be addressed by studying
the influence of model parameters on the speed of the ‘molecular clock.’

An important method of molecular analysis is based on the distribution of pairwise
differences between mtDNA sequences. This technique has been used to study the timing
of speciation events and of abrupt environmental changes. We have compared this
method with alternative methods of molecular analysis (Semovski and Sherbacov,
manuscript, Semovski et al., 2004, Semovski et al., 2003). We used parametric
bootstrapping to estimate the statistic significance of observed differences in the
distribution of pairwise DNA differences (Semovski et al., 2003).

15



This method may also allow detecting the effects of interspecific interactions on
evolving neutral mtDNA sequences (Sankoff and Nadeau, 2000). In particular, the
interaction between organisms of different species may be responsible for differences
between the speeds of their molecular evolution. To explore these questions, and to
provide a test bed for the comparison of alternative molecular methods, I will focus in
this study on a model of predator-prey coevolution.

Research questions
My study will address three interrelated sets of issues:

e [ will compare the method based on the distribution of pairwise differences
between mtDNA sequences with a method for reconstructing phylogenetic trees.
In particular, I will assess their differential performance in estimating the timing
of past speciation events. In addition, I will compare the reconstructed
phylogenetic trees of evolution with the ‘real’ phylogenetic trees directly recorded
in our numerical simulations.

e [ will study the reliability of the method based on the distribution of pairwise
differences between mtDNA sequences. In particular, we must understand when
we may use this method safely and when its results are not to be trusted. In this
context, spurious effects resulting from finite sample size have to be explored.

e | will study the influence of interspecific interactions on the speed of molecular
evolution. This may suggest methods for recalibrating molecular clocks when
studying coevolutionary dynamics.

Methods and work plan

The first set of instruments for my work contains methods for reconstructing
phylogenetic trees. There are established algorithms for inferring phylogenetic trees from
DNA data.

The second instrument for my work is the distribution of pairwise differences between
mtDNA sequences. I have devised a computer program to construct distributions of these
differences. This program constructs the distribution and estimates its reliability. It can be
applied to the output of individual-based evolutionary models.

The third instrument for my work is an individual-based model of predator-prey
coevolution. The deterministic approximation of the population dynamics in this model is
given by the following equations (Doebeli and Dieckmann, 2000),

dN,(x) .

1= N ()1 f C,(x— x)N,(x")dx’ /Kl(x) — PN, (x) f C,(y' = 0N, (Y)dy'
dN ’ NN,
;_I(Y): BN, (M [1= N, (07K, |+ paNz(y)sz(x VN, (x)dx

where N,(x) and N,(y) are the population sizes of prey and predator, x and y are their
phenotypes, C, defines competition between prey individuals, and C, defines the ability
of predators to harvest prey. The intraspecific competition in the prey population causes
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its phonotypic divergence. Such divergence may cause the divergence of predators
(Doebeli and Dieckmann, 2000). All individuals in my model possess ecologically
neutral “nucleotide” sequences, as described in the preceding section.

First, I will investigate different evolutionary scenarios with the help of the individual-
based model. I will then use the final DNA sequences extracted from the model to
compare the method based on the distribution of pairwise differences between mtDNA
sequences with other methods and to assess the reliability of the former. Molecular data
collected throughout simulation runs will give me the possibility to study the speed of the
molecular clock and to construct the ‘real” phylogenetic trees.

Relevance and link to ADN’s research plan

In this project we aim at building a framework for the study of speciation and coevolution
based on selected and neutral molecular data. This will give us useful insights for
studying these phenomena in natural populations. The planned program of research will
extend previous studies carried out in the context of ADN’s research focus on Adaptive
Speciation. In particular, the coevolutionary model studied here is based on the one
proposed by Dieckmann and Doebeli (1999).

Expected output and publications

This work will be the final part of my PhD thesis and is expected to be published in a
jointly authored paper.

References

Dieckmann, U. and Doebeli, M. (1999). On the origin of species by sympatric speciation, Nature, 400:345-
357

Doebeli, M. and Dieckmann, U. (2000). Evolutionary branching and sympatric speciation caused by
different types of ecological interactions, The American Naturalist, 156:S77-S101

Emerson, B.C., Paradis, E., Thebaud, Ch. (2001). Revealing the demographic histories of species using
DNA sequences, Trends in Ecology and Evolution, 16(12): pp. 707-716

Irwin, D.E. (2002). Phylogeographic breaks without geographic barriers to gene flow, Evolution,
56(12):2383-2394.

Sankoff, D. and Nadeau, J. (2000). Comparative Genomics: Empirical and Analytical Approaches to Gene
Order Dynamics, Map Alignment, and the Evolution of Gene Families. Kluwer Academic
Publishers, Dordrecht, pp. 525-536.

Semovski, S.V. and Sherbacov, D.Y. (manuscript). Genetic traces of environmental variations in ancient
lakes.

Semovski, S.V., Verheyen, E., Sherbacov, D.Y. (2004). Simulating the evolution of neutrally evolving
sequences in a population under environmental changes, Ecological Modelling, in press.

Semovski S.V., Bukin, Y. S., Sherbacov, D. Y. (2003). Speciation and neutral evolution in one-
dimensional closed population, Int. J. Mod. Phys., 14(8): pp 973-983.

Strimmer, K. and Pybus, O.G. (2001). Exploring the demographic History of DNA sequences using the
Generalize Skyline Plot, Molecular Biology and Evolution, 18(12):2298-2305

17




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




