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Why We Need New Evidences For Deep Archaea Evolution: The Lesson From Study Of
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Horizontal gene transfer (HGT) is an important factor of prokaryotic evolution. We analyzed
the HGT ways in the course of Archaea evolution. Research was based on archaeal strict
orthologous protein groups (SOPGs). We used the minimal number of subtree prune-andregrafts (SPRs) to estimate the number and direction of HGT events. The analysis of SPRs
demonstrates that Archaea consensus trees are far from explanation of information transmission
processes during Archaea evolution. Using reconstructed sequences of subtree prune-andregrafts for each of SOPG trees from a consensus trees we found close phylogenetic
associations which are most frequent in Archaea evolution and not found in consensus trees.
The most frequent associations are Desulfurococcaceae-Thermococcaceae, Pyrobaculum Desulfurococcaceae, Pyrobaculum - Sulfolobaceae, Caldivirga - Sulfolobaceae,
Thaumarchaeota - Thermococcaceae, Thaumarchaeota - Thermoplasmatales. These associations
could be interpreted in light of longtime co-existence of bacteria in the course of Archaea
evolution.
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Histone variants are used by the cell to build specialized nucleosomes, replacing canonical
histones at different stages of the cell cycle and generating functionally specialized chromatin
domains. The exchange of canonical histones for certain histone variants can be related with
defined cellular responses to diverse toxic components and thus, the study of the structure and
dynamics of these specialized histones may represent the basis underlying the development of
novel and powerful genotoxicity biomarkers. In the present work we have identified by the first
time the presence of histone H2A.X and H2A.Z variants actively expressed (transcribed and
translated) in a mollusc (the mussel Mytilus galloprovincialis). Our results support the
functional specialization of these proteins, as suggested by the evolutionary conservation of
different molecular features, as well as by their ability to confer specialization to nucleosomes.
Given the role of these variants in the maintenance of genomic integrity and regulation of gene
expression, their preliminary characterization in a mussel species will be of outstanding
relevance for the development of molecular assays allowing the early detection of genotoxic
stress in the marine environment. Furthermore, it will complement the study of the effects of
different natural and antropogenic compounds on the genome of these sentinel organisms as
well as on human consumer’s health.
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Evolution of chimeric genes in Drosophila melanogaster
Rebekah L. Rogers, Trevor Bedford, Ana M. Lyons, Daniel L. Hartl
Harvard University; University of California, Irvine

Genomic rearrangements that fuse portions of existing coding sequences can create novel open
reading frames. We identified 14 such chimeric genes in D. melanogaster, seven of which are
not found in other Drosophila species. We show that three of these D. melanogaster specific
chimeric genes display signatures of selective sweeps. One of these, which we dub
Quetzalcoatl, is associated with phenotypic effects in neurodevelopment, despite having a 3’
end that is out of frame with its source. Other chimeric genes form from entirely unrelated
parental peptides, and several display mid-domain breaks. These results suggest that the
formation of new protein structures may be exceptionally flexible, and that what are often
thought to be detrimental rearrangements can in fact create functional proteins. We also present
evidence that changes in gene regulation and cellular targeting are a common product of
chimeric gene formation, showing that chimeric genes can effect changes in gene expression in
addition to changes in protein structures, allowing them to explore a greater range of mutational
space. Finally, the youngest, selectively favored chimeric genes often form from wholly
unrelated peptides whereas the older, preserved chimeric genes form from related but
differentially regulated proteins. This disparity may suggest that the forces involved in
adaptation may differ substantially from the forces that provide for maintenance within the
genome, and that regulatory differentiation may be essential for preservation. Overall, these
results show that chimeric genes can serve as a substantial source of genomic novelty and are
important factors in adaptive evolution.
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Power of Duality in Stochastic Modeling of Population Genetics
Shuhei Mano
The Institute of Statistical Mathematics, Japan

It is well known that duality of Markov process is very useful for analyzing stochastic
processes of interacting particle systems. In population genetics setting the size process of
Kingman’s coalescent, which is a death-process, is a moment dual to the Wright-Fisher
diffusion process of one-locus neutral two allele model. It has been recognized that duality is
useful in analyzing variety of stochastic models in population genetics. Here, I will present
several results of stochastic models in population genetics which I have been obtained by using
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Linear mitochondrial DNA (mtDNA) is found in several groups outside the animal kingdom. In
animals, linear mtDNA has been described only in Medusozoa (Cnidaria) where it can consist
of one or several molecules. Unfortunately, no study has focused on the extent of linear
mitochondrial genomes in Medusozoa. In addition, there is no clear understanding of the
mechanisms responsible of the evolution, replication, and transcription of such genomes. We
amplified and sequenced nearly complete linear mtDNA from several species representing all
medusozoan classes: Cubozoa, Hydrozoa, Scyphozoa, and Staurozoa. A comparative analysis
of these genomes reveals highly conserved sequence and gene orders within each class.
Furthermore, we found conserved class-specific features at the ends of the linear chromosome
(s) of medusozoan mtDNA, which we speculate to be responsible for the maintenance of the
linear structure. In Cubozoa, Schyphozoa, and Staurozoa, we propose the concomitant activity
of two extra proteins in the maintenance of the mtDNA, while a template dependant process is
speculated in some hydrozoan classes. Overall, our study sheds new lights on the diversity of
linear mitochondrial genome(s) in Medusozoa, and provides a robust background for further
studies on the molecular mechanisms involved in the maintenance and regulation of linear
mtDNA.
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Most studies depict animal mitochondrial DNA (mtDNA) as a remarkably uniform (“frozen “)
genome, yet recent sampling from non-bilaterian animals has revealed their extensive
organizational diversity. In particular, the newly sequenced mtDNA from various Porifera
clades (including Demospongiae, Homoscleromorpha, and Hexactinellida) display multiple
unique features and several opposite evolutionary tendencies. Remarkably, no genuine
mitochondrial sequence has been reported from Calcarea to date. To rectify this deficiency, we
obtained partial mitochondrial sequences for the calcarean Clathrina clathrus and Leucetta
chagosensis (Calcinea) by traditional PCR approach and EST library screening. Our analyses
revealed an unusual combination of features in the calcareous sponge mtDNA. In addition, the
rate of mitochondrial sequence evolution in this group was found several orders of magnitude
higher than in other animal groups, hindering any attempt to reconstruct phylogenetic
relationships among sponge classes using mitochondrial data. The combination of unusual
mitochondrial features in calcareous sponges puts into a new perspective the extent of possible
mtDNA evolution in the Animal Kingdom. Given the incomplete nature of the mtDNAs
representing only the subclass Calcinea, we expect that future studies of calcareous sponge
mtDNA, and particularly from the second subclass Calcaronea, will uncover even more
exceptional features in these remarkable animals.
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To understand the interplay between protein structure/function and sequence evolution, a hybrid
model rooted in both physical chemistry and population genetics was developed. Sequences are
threaded through protein structures and a scoring function with terms rooted in the underlying
physical chemistry is applied to intramolecular folding and intermolecular binding. The
development of this model will be described, as will its application to understanding amino acid
substitution, both when negative selection to maintain a binding interaction and positive
selection to change a binding interaction occur. Lastly, the role of negative pleiotropy, selective
pressures to not bind to specific potential interacting partners, in influencing both amino acid
substitution and neofunctionalization of binding will be described.
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Drosophila melanogaster is unique amongst model organisms in that males undergo
achiasmatic meiosis, where synaptonemal complex (SC) formation and recombination are
absent. A number of male achiasmatic meiosis-specific genes have been identified and many are
paralogous to non-meiotic genes. Our work investigates the origin and evolution of male
meiosis-specific genes: 1) We searched 27 dipteran species outside of Drosophila for two
paralogous gene pairs: SA/snm and borr/aust. The male meiosis-specific paralogs (snm and
aust) appear to be Drosophila-specific; 2) we obtained a second SA variant in three other
dipterans; indicating that the SA duplication may be prior to the divergence of Drosophila; 3)
we found rapid evolutionary rates for many male achiasmatic meiosis genes, compared to their
paralogs, within 12 Drosophila species; 4) we uncovered changes in gene expression and
splicing. Surprisingly, many male meiosis-specific genes are expressed in females and vice
versa. Preliminary data suggests that alternative splicing may regulate the products of these
transcripts.
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Geological and climatic events have been well documented for Japan, providing an opportunity
to integrate the timing of these events with patterns of evolutionary diversification. The
fragmentation and collision of islands during the Miocene period, as well as the subsequent
uplift of the Japanese Alps, provided numerous geographic barriers and opportunities for
genetic isolation. More recently, during the Pliocene and Pleistocene periods, climatic cycles
led to land bridge connections between Japan and mainland Asia, and caused large shifts in
precipitation and temperature patterns. To investigate the significance of these events, we
examine the evolutionary history of a poorly dispersing terrestrial insect lineage
(Grylloblattodea: Grylloblattidae: Galloisiana) distributed in Japan, Korea and Russia. We
identify three independent lineages in Japan whose origin dates to the separation of island
fragments from the Korean peninsula and Russia during the early Miocene. Furthermore, we
provide evidence that geographical isolation among islands, mountain ranges and
differentiation along altitudinal gradients within mountain ranges has been the major driver of
diversification in Japanese Galloisiana. In contrast, our results show that recent climatic
changes have had regionally specific effects on diversity, increasing diversification in the
central and northern Japanese Alps, but leading to declines in other regions.
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In the nearly 2 billion years since the endosymbiotic capture of a bacterial ancestor that gave
rise to all living mitochondria, the mitochondrial (mt-) genomes of eukaryotes have acquired
substantial variation in size and gene content. Among the genes contributing most to this
variation in content are those encoding mt-tRNAs, which range in number from nearly 50 in
some plants, to only a few or none in some protists and non-bilaterian animals. Using
proteomic data from complete eukaryotic genomes and bayesian comparative phylogenetic
methods, we characterize the coevolutionary link between this variation in the number of mttRNAs and the number of mitochondrial aminoacyl-tRNA synthetases (mt-aaRS), which
catalyze the attachment of mt-tRNAs to their cognate amino acids. Driven by the ratchet-like
loss of mt-tRNAs which is facilitated by the import of external tRNAs and aaRS into the
mitochondrion, the coevolving history of mt-tRNAs and mt-aaRS has resulted in the near total
disappearance of this fraction of the ancestral mitochondrial translational system in some
organisms, having been replaced by homologous components from other organelles.
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Natural selection on gene order in the genome re-organization process after whole genome
duplication of yeast
Sugino Ryuichi
A genome must locate its coding genes on the chromosomes in a meaningful manner with help
of natural selection, but the mechanism of gene order evolution is poorly understood. To
explore the role of selection in shaping the current order of coding genes and their cisregulatory elements, a comparative genomic approach was applied to the baker's yeast
Saccharomyces cerevisiae and its close relatives. S. cerevisiae have experienced a whole
genome duplication followed by an extensive re-organization process of gene order, during
which a number of new adjacent gene pairs appeared. We found that the proportion of new
adjacent gene pairs in divergent orientation is significantly reduced, suggesting that such new
divergent gene pairs may be disfavored most likely because their co-regulation may be
deleterious. It is also found such new divergent gene pairs have particularly long intergenic
regions. These observations suggest that selection specifically worked against deletions in
intergenic regions of new divergent gene pairs, perhaps because they should be physically kept
away so that they are not co-regulated. It is indicated that gene regulation would be one of the
major factors to determine the order of coding genes.
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Gene amplification is an important way in which organisms adapt. One proposed mechanism
behind gene amplification relies on physical proximity to a replication origin (Brewer, 2011).
Consistent with this hypothesis, we previously reported a significant correlation between
replication origins and breakpoints of genome reorganization events (Di Rienzi, 2009). Here
we test this hypothesis by evolving Saccharomyces cerevisiae strains in limiting-sulfur
conditions. S. cerevisiae responds to limiting-sulfur conditions by amplifying the sulfate
transporter gene, SUL1 (Gresham, 2008), which is directly proximal to the origin ARS228. To
test for a role of ARS228 in the amplification of SUL1, we performed 14 limiting-sulfur
evolutions in 20 ml mini-chemostats. Seven evolutions were performed using an S. cerevisiae
strain knocked-out for ARS228 and the remaining evolutions were performed in a strain with a
functional ARS228. Using qPCR, we analysed the copy number of SUL1 and surrounding
genomic landmarks. These analyses are allowing us to begin to understand how proximity to a
replication origin affects the mechanism of gene amplification.
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Impact of Chromosomal Inversions on Co-expressed Gene Clusters
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We aim to study the phenotypic and transcriptional effects of inversions within blocks of coexpressed genes, such as the DAL cluster. The species belonging to the S. cerevisiae “sensu
stricto” group compared to the yeast S. castellii present different orientation of the genes within
this cluster and I aim to understand whether this difference have an evolutionary adaptive
origin. Interestingly it was observed that S.castellii grows much slower then S.cerevisiae on
allantoin containing media that is responsible for triggering the expression of the DAL genes.
We created S. cerevisiae strains mimicking the inversions present in S. castellii and analyzed
the fitness of engineered strains in allantoin containing media. The inverted strains in fitness
assays showed a decline in growth rate as compared to the non-inverted and wild type strains.
The expression studies of the DAL cluster in the different strains carrying different inversions
showed a reduction of the expression of the DAL4 gene. We also showed that DAL4 anti-sense
RNA (SUT614) is much highly expressed in both inverted and non-inverted strains as
compared to the mRNA in allantoin containing media.
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Two fundamental advances made by Motoo Kimura in the development of his neutral theory of
molecular evolution related to both short term evolution (the higher than expected genetic
diversity) and long term evolution (the molecular clock). The so-called molecular clock of
molecular evolution showed that at long times the rate of neutral mutations per generation also
equaled the long-term of sequence change. However, there is now interest in the ‘apparent’
acceleration of short-term rates. We have extended the long-term calculations into the shorter
term ‘twilight zone’ where fixation or loss of mutations is still occurring. Knowing population
size and structure means that we can show that (as expected) the real mutation rate does not
increase at shorter times. There are interesting and predictable short-term effects from
population structures modeled as different forms of connected graphs. We find a range of
effects from those of population size, population structure, and speciation. Basically, integrating
across all time scales unifies the two aspects of Kimura’s theory.
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Molecular evidence for the residual nuclear genome of the green algal endosymbiont in
the dinoflagellate Lepidodinium chlorophorum.
Takuya Matsumoto, Ryoma Kamikawa, Tesuo Hashimoto, Yuji Inagaki
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Members of the dinoflagellate genus Lepidodinium acquired the current plastids from an
endosymbiotic green alga. Microscopic works identified a residual nucleus, “nucleomorph,” in
the space corresponding to the cytosol of the endosymbiotic green alga, but no molecular
evidence has yet to be reported.
In this study, we successfully isolated eukaryotic small and large subunits of ribosomal RNA
(SSU and LSU rRNA) sequences likely from Lepidodinium chlorophorum nucleomorph. The
rRNA sequences appeared to be extremely divergent and bear only partial similarity to typical
rRNA sequences. We experimentally confirmed that these SSU and LSU rRNA sequences were
next to each other in the genome. Although the SSU rRNA sequence is too divergent for
phylogenetic analysis, LSU rRNA phylogeny recovered a robust affinity between the LSU
rRNA sequences of L. chlorophorum and green algae, suggesting that these rRNA sequences
were derived from the nuclear genome of the green alga that gave rise to the current
Lepidodinium plastids. Consequently, this work provides the first molecular evidence for the
nucleomorph in this dinoflagellate species.
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Allopatric speciation, describing the case in which an ancestral population split into two
populations by geographic barrier, is the most predominant theory widely accepted by
evolutionists. Under traditional aspects, speciation seemed to be less possible with existence of
gene flow. Nevertheless, alternative hypotheses of speciation under certain amount of gene flow
(i.e. parapatic or sympatric model) have gained more attention in recent years. This study aim
to test historical gene flow during speciation process among three monophyletic species with
parapatric distribution: Takydromus viridipunctatus, T. luyeanus and T. hsuehshanensis. We
applied 454 sequencing technology to construct the EST database of Takydromus spp. Base on
this database, 20 nuclear loci along as well as mitochondrial fragments were successfully
amplified and sequenced. IMa2 analyses detected historical gene flow from T. viridipunctatus to
T. hsuehshanensis and from T. viridipunctatus to T. luyeanus. Our results supported “divergence
with gene flow” instead of “allopatric speciation mode”.
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Maximum likelihood analysis of dynamic genomes: relaxed equilibrium assumptions
allow the detection of highly episodic gene gain and loss.
Matthew Ackerman, Mike Lynch, Thomas G. Doak, Abraham Tucker, Way Sung
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The complement of genes found in modern genomes reflects a long history of gene
duplication.As with all evolutionary events, the fate of gene duplicates results from a complex
interaction of natural selection, which maintains some genes for their adaptive benefits, and
mutation and drift, which create redundant gene duplicates through out the genome. A general
understanding of this process can be gained by using the distribution of silent-site substitutions
between paralogs (genes related by a duplication event) to make inferences about the age of
duplication events. Previous analyses of gene duplications have assumed constant gene birth
and death rates over the time frame of the analyses. Additionally, these analyses have utilized a
linear regression method, which is not statistically optimal [1,2]. We have developed maximum
likelihood estimators for both the equilibrium and non-equilibrium distributions of the number
of synonymous site substitutions between paralogs. We apply this method to substitution data
gathered from two of species of micro-crustaceans (Daphnia pulex and D. magna) and compare
these results to previous estimates. We find strong evidence for heterogeneity in both gene birth
and death rates. The general validity of our analysis is confirmed by the lack of statistically
significant differences in gene-birth and -death rates over time intervals that precede the
speciation of Daphnia pulex and D. magna. Finally, the genome expansion of Daphnia pulex
relative to Daphnia magna cannot be understood with equilibrium models, but must be
explained by non-equilibrium dynamics. We discuss the implication of our analysis for an
adaptive explanation of genome expansion in Daphnia pulex [1].
Reference:
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Previous studies have suggested that different ecological adaptation can work as a strong
driving force of speciation. However, it is less clear whether a reproductive barrier could evolve
between two isolated populations that adapted to similar environments. A previously proposed
“mutation-order speciation” model hypothesizes that different and incompatible alleles can be
fixed in different populations if the organisms have various routes to adapt under an identical
selective pressure. So far, evidence supporting the “mutation-order speciation” model is still
rare and the possible underlying mechanisms are not well understood. We tried to test this
model using experimental evolution. Ten individual yeast cultures were evolved asexually for
~1000 generations in a glycerol-containing medium. Under this selective regime, cells have to
generate energy using respiration instead of fermentation commonly used in yeast. We found
that genetic incompatibility indeed evolved between different evolved lines. By examining the
karyotypes of the evolved lines, it showed that the incompatibility was not caused by largescale chromosomal rearrangements. Instead, different adaptive mutations have accumulated in
different evolved lines. Our results suggest that Dobzhansky-Muller incompatibility can evolve
under identical environments in experimental yeast populations.
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Russian wheat aphid, Diuraphis noxia, is a major pest in grain production areas throughout the
world, except for Australia. D.noxia is endemic to western Asia, but since the late 20th century
has expanded its range to include southern Russia, the Middle East, Africa, Europe and the
America’s. Little is known about this species in its endemic range. In this study, we investigated
the population genetics of endemic and invasive worldwide populations of D.noxia using
microsatellite, mitochondrial and endosymbiont DNA markers. These data were used to trace
the worldwide invasion pathway of D.noxia, and the pattern and timing of dispersal events.
Mitochondrial DNA revealed limited variability, with 17 haplotypes unique to China and one
ancestral haplotype found throughout western China and worldwide. Demographic analysis
suggests a rapid expansion of D.noxia throughout western China, probably coincident with
wheat domestication. Microsatellite DNA indicated a high degree of genetic similarity within
and among invasive populations, while genetic diversity was higher in endemic populations.
Furthermore, endosymbiont genes showed a clear pathway of invasion from Eurasia into the
America’s, with South Africa providing a bridge between the old and new world.
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The direct fitness effects of male-killer infection on female hosts
Sherif Elnagdy, Mike Majerus
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Hurst (1991) argued that male-killing bacteria invasion among host populations vary according
to male-killing evolutionary parameters. These parameters are vertical transmission efficiency
of the male-killer, a direct fitness effect of having male-killing bacteria on infected females, the
rate of inbreeding, the consequential inbreeding depression and the fitness compensation that
accrues to infected female offspring as an indirect consequence of male death. In this study, the
direct fitness effect of infection on females was assessed in five species of coccinellid with four
types of bacteria. A range of fitness parameters were assessed in infected and uninfected
matrilines. In all systems investigated, the results obtained across all systems varied both in
respect of the parameters affected and the direction of effects. This finding led to the
conclusion that the host-male-killer relationship is a mutual-interaction based relationship.
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The interconnection of molecular evolution, gene network, and cellular aging
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Pleiotropic traits, such as cellular aging, are shaped by gene networks which channeled the
molecular evolution of individual genes into phenotypic manifestations. We recently proposed
a mathematical model and demonstrated that cellular aging is an emergent property of gene
networks and the characteristics of the aging process are linked to network robustness and gene
interaction patterns. In this study, we aim to dissect the interconnection of molecular evolution,
interaction pattern, robustness, and life-history traits in Saccharomyces cerevisiae. We
evaluated the causal relationship of these factors with life span using partial regressions and
extracted principal components from interacting factors. We found that molecular evolution
influence life span through growth fitness.
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The runt-related transcription factor gene (Runx2) encodes a transcription factor that is
important for osteoblast development and normal osteogenesis. Previous research has
demonstrated that the glutamine to alanine (QA) ratio contained within the protein-coding,
tandemly-repeated portion of exon 3 of the Runx2 gene is significantly, positively correlated
with facial length within an artificially-selected species (Canis familiaris, domestic dog) and
among species in a naturally-evolving order (Carnivora). However, the correlation of the QAion factio
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Difference in transcriptional regulation between two genes encoding plastid-targeted
GAPDH in Karenia mikimotoi
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It is widely accepted that Karenia mikimotoi has replaced the original— ‘peridinin-
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Meiofaunal eukaryotes (nematodes, fungi, protists, etc.) are abundant and ubiquitous across
every ecosystem on earth, yet there exists a well-recognized gap in the understanding of their
global biodiversity. Meiofauna perform key ecological functions such as nutrient cycling;
however, our sparse knowledge of these organisms precludes any informed mitigation and
remediation of environmental impacts such as the BP oil spill. Driven by fundamental
advances in DNA sequencing, the scale of high-throughput (HTP) sequencing platforms allow
for the discovery of virtually all organisms in an environmental sample. It is now possible to
conduct en mass meiofaunal biodiversity assessment (metagenetics) using informative
molecular loci (e.g. ribosomal rRNA) at a fraction of the time and cost required for traditional
approaches. By comparing baseline and post-spill sediment communities in the Gulf of
Mexico, this project has provided the first insight into the environmental impacts of the BP spill
on ecologically important (yet historically neglected) taxa. High-throughput analysis of
microbial eukaryotes has revealed substantial, hidden biological impacts in the Gulf of Mexico,
including drastic changes in community structure and taxonomic assemblages. Overwhelming
dominance of fungal and algal taxa, correlated with a significant drop in metazoan phyla,
suggests heavy and ongoing impacts along the Gulf coast, despite the apparent disappearance of
surface oil.
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Massive Parallel Evolution of Pseudomonas fluorescens
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When grown in rich solid media, wild-type colonies of the proteobacterium Pseudomonas
fluorescens Pf0-1 are out-competed by naturally occurring mutant variants that produce a
mucoid polymeric substance. The mucoid variant only has a higher relative fitness than the
wild-type when mixed with it, suggesting a social interaction between them. A genomic scan on
one of the mutant variants revealed that a 1bp deletion in the rsmE gene (coding for a
translational mRNA regulator) could result in the mucoid phenotype. This begs the question:
are mutations in rsmE always responsible for the mucoid phenotype and associated fitness
advantage? Is social evolution in Petri dishes repeatable and predictable? We isolated 33
independently evolved mucoid colonies that arose from different wild-type populations, and
sequenced the rsmE gene of each colony. This revealed that evolution was completely
repeatable: all of the independently evolved mucoid variants had acquired mutations within the
target region. Moreover, the changes at base-pair level were highly predictable. They included
mutations that simply truncate the RsmE protein and a large number of amino acid changes that
destabilize key sites for target mRNA recognition. Additional competition experiments
confirmed that the independently evolved mucoid variants also had the predicted fitness
advantage.
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Sex Has No Obvious Net Benefit For Clinical Candida albicans Isolates
Jan Schmid1, Ningxin Zhang1, Beatrice B. Magee 2, Paul T. Magee 2, Barbara R. Holland3,
Richard D. Cannon4
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It is uncertain whether sex in the human fungal pathogen C. albicans remains a viable
reproductive strategy, enhancing survival of parental genes. We tested this by mating clinical
isolates. These usually cannot mate because they carry both the MTLa and MTLα mating type
alleles. We generated 5 MTLa and 5 MTLα clinical isolate derivatives and marked MTLa strains
with the mycophenolic acid resistance gene and MTLα strains with the nourseothricin
resistance gene. This allowed 25 combinations for mating - with selection for dual drug
resistance. We obtained recombinants from 15 combinations of 9 strains. Using growth rates
and computationally correcting for the impact of experimental manipulations, we calculated the
number of offspring generated by clinical isolates, MTL homozygous derivatives and
recombinants during adaptation to a novel environment. Only very rarely did mating generate
numbers of offspring exceeding those achievable by clonal reproduction. These results,
obtained using conditions favoring sex, indicate that, as a rule, in its natural environment
engaging in sex probably reduces the chances of survival of C. albicans genes.
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The Phylogenetic Position Of The Katablepharid Leucocryptos marina Based On Seven
Mitochondrial Gene Sequences.
Yuki Nishimura, Ryoma Kamikawa, Yuji Inagaki, Tetsuo Hashimoto
University of Tsukuba, Japan

An intimate relationship between the heterotrophic unicellular eukaryotic group katabrepharids
and cryptophytes was recovered by phylogenetic analyses of nuclear rRNA. The recent
phylogenetic analyses suggested that cryptophytes, haptophytes, and other miscellaneous
heterotrophic lineages (including katabrepharids) share a single photosynthetic ancestor. If so,
katabrepharids are a key lineage to understand the evolution of plastids in this assemblage.
Nevertheless, the previous phylogenies of nuclear proteins failed to resolve the position of
katabrepharids. We here report a mitochondrial genome fragment (~12 kbp) of the
katablepharid Leucocryptos marina. This genome fragment includes nine protein-coding genes,
and seven out of these proteins (1,992 amino acid positions in total) were analyzed by a
maximum-likelihood (ML) method. The ML analysis grouped cryptophytes and Leucocryptos
with a weak bootstrap percent (BP) value of 42 %. We have noticed the possibility in which
Leucocryptos and the chlorarachniophyte Bigelowiella natans were erroneously attracted to
each other. The ML analysis excluding Bigelowiella recovered the Leucocryptos–cryptophytes
connection with a BP of 93 %, being consistent with the rRNA phylogenies.
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Dimensionality Reduction For Learning Alignment-specific
Amino Acid Substitution Models
Thomas Weighill1, Ben Murrell1;2, Jan Buys1, Robert Ketteringham1, Sasha Moola3, Gerdus
Benade1, Lise du Buisson1, Daniel Kaliski3, Tristan Hands3, Konrad Scheffler1
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Models of protein evolution currently come in two flavors: generalist (e.g. JTT, WAG) and
specialist (e.g. mtREV, HIVbetween). Specialist models outperform generalist ones, but
estimating them requires large quantities of organism- or gene-specific data. We propose a
method for estimating alignment-specific models of protein evolution in which the
complexity of the model is adapted to suit the richness of the data available. Our method uses
non-negative matrix factorization (NNMF) to learn a set of basis matrices from a collection of
large alignments, capturing the dimensions of important variation. For the alignment of interest
- which is typically too small to justify a 190 parameter reversible model - combination weights
are learned, which, along with the basis matrices, determine the final model. We show that our
NNMF procedure produces models that outperform existing methods on all but one of 50 test
alignments, and that these models produce different phylogenies with better likelihoods.
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Molecular phylogeography of a deep-sea crangonid shrimp Argis lar from northern
Japan: corresponding patterns to ocean current pathways
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The deep-sea crangonid shrimp, Argis lar, is known from the North Pacific Ocean, and is an
abundant and important species both ecologically and commercially. We investigated the
population genetic structure around the Japanese Islands of this species by sequencing a 571
base pair fragment of the cytochrome c oxidase subunit I gene from 63 individuals collected at
8 locations. Neighbor-joining tree under the Kimura’s two-parameter model detected two
distinct clades (Clade I and Clade II). The extent of genetic divergence between them (3.6%)
was at an intraspecific level, according to the criterion of the DNA barcoding for crustacean
species. The specimens of Clade I were collected from the Sea of Japan, Okhotsk Sea, and
Pacific coast of northern Japan, and those of Clade II from the Pacific coasts of northern
Honshu and Hokkaido. Therefore, specimens of the two major clades co-exist off the Pacific
coasts of northern Honshu. The distribution of the two clades was closely related to the
pathways of the two ocean currents along the Japanese Islands, namely, the Tsushima and
Oyashio currents.
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Molecular evolution of CYP2 cluster genes in Primates
Ayaka KAWAHIMA, Yoko SATTA
The Graduate University for Advanced Studies [SOKENDAI], JAPAN

Clarifying the birth and death processes of genes involved in cytochrome P450 (CYP)
metabolisms is important for understanding the evolution of detoxification systems in all
animals. CYPs, which are oxidase, act on a wide variety of chemicals, but CYP substrates
varied from species to species. It is possible that the differences in foods or habitats of
organisms can affect their metabolisms and cause the variation in CYP substrates. The focus of
our study is to know when a CYP gene arose and how a CYP gene lost its function by
comparing the sequences of the CYP genes of several primate species. In addition, Genome
structures, i.e., tandem or inverted repeats, including CYP gene clusters, were searched and
compared among different primate species. It is known that there are five CYP clusters in the
human genome. Especially, we focused on the CYP2 family cluster, because it has the largest
number of genes among the clusters. Moreover genes in the cluster show the largest diversity of
nucleotide or amino acid sequences. By comparing these genes, we unraveled the differences in
gene structures among CYP clusters and elucidated processes of evolution of CYP genes on
each cluster.
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Analysis of Great Salt Lake brine flies expands the phylogenetic diversity of
Wolbachia endosymbionts
Amanda Truong and Jonathan Clark.
Department of Zoology, Weber State University, Ogden, UT 84408

The genus Wolbachia comprises a group of endosymbiotic bacteria that have profound effects
on the physiology and reproduction of their hosts. To date, at least ten major groups of
Wolbachia have been identified, some of which correlate with the effect on the host. It is
estimated that Wolbachia infect about 60% of all insect species, but their presence in many taxa
has not been determined. In particular, there is no description to date of Wolbachia in organisms
inhabiting extreme environments. Great Salt Lake is the largest saline lake in the western
hemisphere and is characterized by salinity levels in some regions approaching 20%. Among
the few organisms that thrive in such conditions are brine flies, including Cirrula hians,
Mosillus bidentatus, and Ephydra gracilis. Using molecular genetic techniques, this study
identifies Wolbachia in these three species, the first description of Wolbachia from a host that is
associated with an extreme environment. DNA was isolated from the brine flies and the
presence of Wolbachia was examined using the polymerase chain reaction with primers specific
for Wolbachia 16S rRNA genes. DNA sequence comparisons were used to determine the
phylogenetic affiliation of the brine fly Wolbachia samples. Determining the phylogenetic
position of the Great Salt Lake Wolbachia is an important first step in assessing the contribution
these bacteria may make to the incredible adaptability of brine flies. The results of this study
may provide an indication of the precise effects these bacteria have on their brine fly hosts and
will contribute to our understanding of Wolbachia diversification.
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Sex determination in the brown algae Ectocarpus.
Luthringer R, Robuchon M, Ahmed S,Peters AF, Roze D, Marais G,Dittami S, Cock JM,
Coelho SM.
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Potential Gene Interactions Influencing the Regulation of the lac Operon During
Adaptation of an Escherichia coli Population
Duong Trang

Populations of the bacteria Escherichia coli were evolved for 2,000 generations in a series of
environment containing glucose and/or lactose. It has previously been shown that many
populations have substituted mutations that result in expression of the lac operon to become
constitutive. Here, I demonstrate that these mutations act to increase fitness in most lactose
containing environments and that this effect is larger in an evolved genetic background than in
the ancestor. What could be the factors behind this dependence? I test two hypotheses. First,
that the lac mutation interacts specifically with at least one other evolved mutation. Second, that
the lac mutation interacts non-specifically with the other evolved mutations through their effect
on some aspect of cell physiology, perhaps mediated by their increasing cell growth rate. This
project will be focused on investigating which kind of interaction the lac mutation falls into.
The strain I focus on has 5 mutations, one is a point mutation in the O1 operator of the lac
operon, PlacO1EV, which causes constitutive lac expression. The other four mutations are in
genes outside the lac operon. I isolated the four non-lac mutations and added them individually
into the ancestor strain. I then constructed two new series of strains by adding either the PlacO1EV
mutation or a lacI- mutation in combination with each of the four evolved mutations. By
comparing the fitness benefit conferred by the lac mutations in these strains, I was able to
which, if any, evolved mutation it interacted with. My results suggest that it interacts with a
mutation in the gene merB.
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The Evolution of Mutational and Damage Loads and Bacterial Aging
Chao_L, Rang_CU, Peng_AY
University of California San Diego, USA

Deleterious mutations appearing in a population increase in frequency until stopped by natural
selection. The ensuing equilibrium creates a stable frequency of deleterious mutations or the
mutational load. Here I develop the comparable concept of a damage load, which is caused by
harmful non-heritable changes to the phenotype. A damage load also ensues when the increase
of damage is opposed by selection. The presence of a damage load favors the evolution of
asymmetrical transmission of damage by a mother to her daughters. The asymmetry is
beneficial because it increases fitness variance, but it also leads to aging or senescence. A
mathematical model based on microbes reveals that a cell lineage dividing symmetrically is
immortal if lifetime damage rates do not exceed a threshold. The evolution of asymmetry
allows the lineage to persist above the threshold, but the lineage becomes mortal. In microbes
with low genomic mutation rates, it is likely that the damage load is much greater than the
mutational load. In metazoans with higher genomic mutation rates, the damage and the
mutational load could be of the same magnitude. A fit of the model to experimental data shows
that Escherichia coli cells experience a damage rate that is below the threshold and are
immortal under the conditions examined. The model estimates the asymmetry level of E. coli
to be low but sufficient for persisting at higher damage rates. The model also predicts that
increasing asymmetry results in diminishing fitness returns, which may explain why the
bacterium has not evolved higher asymmetry.
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Reductive evolution on genomic and cellular level on the example of the microsporidian
parasite Trachipleistophora hominis
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Trachipleistophora hominis is a member of the microsporidia, a group of over 1200 species of
obligate intracellular parasites of other eukaryotes. They are highly reduced fungi, and during
their evolution to parasitism, their genomes have become highly streamlined, resulting in a
dependency of the parasites on substrates imported from their hosts. Our analysis of the newly
sequenced genome of T. hominis focused on improving our understanding of the extent of
microsporidia dependence on their host metabolism, which shows the most drastic reduction of
metabolic capabilities in all eukaryotes. In addition to a strong interest in their genome
structure, reductive evolution can also observed at the level of parasite cell and organelle
biology, and the microporidian homologues of mitochondria, the mitosomes, are of high
interest in microsporidia studies. One key point of our investigations was the analysis of a
group of transport proteins, the nucleotide transporters (NTTs), which are an example how
microsporidia not only overcome their reduced metabolism (by stealing ATP from their host),
but in consequence also adapted these proteins to ensure the functionality of their mitosomes,
and we are performing evolutionary as well as functional analyses on these proteins.
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Spliceosomal introns in a split form: Another aspect of intron evolution in eukaryotes
Ryoma Kamikawa1, Yuji Inagaki1, Andrew J. Roger2, Tetsuo Hashimoto1
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Spliceosomal introns are a hallmark of eukaryotic genomes and are excised from premature
messenger RNAs (pre-mRNAs) by spliceosomes that are amongst the largest, and most
complex molecular machine in cells. The divergent unicellular eukaryotic parasite Giardia
intestinalis, the causative agent of giardiasis, possesses spliceosomes, but only four canonical
(cis-spliced) introns have been indentified in its highly reduced genome to date. We
demonstrate that this organism utilizes spliceosome-mediated trans-splicing of ‘split’ introns
(splintrons) for generating mature mRNAs from multiple pre-mRNAs, which carry partial
coding regions and independently transcribed from different loci. These splintrons have
properties that distinguish them from other major trans-splicing systems known within
eukaryotes to date, except that for eri-6/7 gene expression in a nematode. As Giardia and the
nematode are distantly related each other, the unique system to splice splintrons mediated by
spliceosomes has been evolved independently at least twice in eukaryotic evolution.
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Evolution of Microsporidian Genomes and Proteomes
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The microsporidia are a group of obligate intracellular parasites related to fungi. The most wellstudied microsporidian, Encephalitozoon cuniculi, has a highly reduced genome (2.9Mb) and
has lost many of the metabolic capabilities of other eukaryotes, including the production of
ATP by oxidative phosphorylation in the mitochondrion. We recently sequenced the 8.4Mb
genome of Trachipleistophora hominis, an outgroup to the currently available microsporidian
genomes, which provides an opportunity to trace the evolution of genome structure and coding
capacity across this fascinating group of organisms. Our analyses demonstrate that gene content
is well conserved across the microsporidia, and does not correlate with the substantial variation
in genome size within this group: the extreme metabolic reduction of microsporidia happened
before the divergence of these species. In contrast, the noncoding regions of microsporidian
genomes have evolved differently, with typically eukaryotic features – such as transposons and
regulatory elements - present in the ancestor, but secondarily lost in some species.
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Functional Analysis of Charcot-Marie-Tooth Type 2D Related Glycyl-tRNA Synthetase
Mutants in Yeast
Chin-I Chien, Men-Tsen Ke and Chien-Chia Wang
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Charcot-Marie-Tooth disease (CMT) is the most common inherited neurological disorder, with
a frequency of 1 in 2500 people. Several genes have been identified associated with CMT.
Missense mutation in glycyl-tRNA synthetase (GlyRS) leads to peripheral nerve degeneration
specified as Charcot-Marie-Tooth disease type 2D (CMT2D). Ten GlyRS mutations (E71G,
L129P, G240R, P244L, I280F, H418R, D500N, G526R, S581L, and G598) were recently
identified in human CMT2D. Most of these mutants affect dimer formation of GlyRS, and are
defective in protein localization in transfected neuroblastoma cells. In this study, analogous
mutants were constructed in yeast GlyRS and analyzed to investigate the phenotype changes,
enzyme activity, and dimer stability in a yeast model. Our data indicated that except for H402R
and G512R, all other mutants could complement both cytoplasmic and mitochondrial functions
of a GRS1 knockout strain. In addition, these mutants significantly affected the dimer
association of GlyRS. However, none of them revealed a dominant negative phenotype. Most
intriguingly, some of the mutants exhibited a transcription read-through phenotype, similar to
that of P552F, implying that a secondary function of GlyRS may be involved in CMT2D
pathogenesis. Further analysis of these mutants is currently underway to dissect the mechanism
leading to CMT2D.

P1-40
Role of MEF2A in driving human-specific extension of cortical synaptogenesis
Xiling Liu1*, Mehmet Somel1,2*, Lin Tang1*, Zheng Yan1, Xi Jiang1, Song Guo1, Yuan Yuan
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The Hippo pathway plays an important role in animal organ size control, which it exerts by
regulating tissue proliferation and apoptosis rates as a response to developmental cues, cell
contact and density. We studied the evolution of the Hippo pathway focusing on the
transcriptional co-activator YAP, a pivotal effector of the pathway. Although some pathway
members can be already identified in single celled eukaryotes, it has consolidated as a distinct
signaling pathway in the metazoans. We found most of the known mammalian components in
the sea-anemone Nematostella vectensis, which displays a pre-bilaterian basal form of the
pathway. Most of the major domains of YAP have been conserved between cnidarians and
mammals. We have followed the evolutionary changes in the components of the pathway,
described the phylogenetic relationships between the YAP genes and indicated where YAP and
other components have been secondarily lost. Furthermore, we show a strong co-evolution
trend among pathway components. Finally we find a remarkable conservation of non-coding
genomic regions and reconstruct the evolution of genomic structure elements. Beyond
contributing to an understanding of the origin and evolutionary history of this pathway, we have
provided insights into the mode of its operation in animals with different body plans and
developmental patterns.
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Correlation Between Codon Bias and Genome Size in Eukaryotes
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Genome size paradox is an interesting problem in modern evolutionary biology; the size of
organism genome seems to be independent of the organism complexity. One of the hypotheses
used to explain the problem has been proposed by Lynch and Conery (2003); their theory
argues that an increase in genome complexity, including genome size, is present mainly due to
nonadaptive processes. As population size decreases, selection pressure lessens; under weaker
selection negative elements become more prevalent and genetic drift gets stronger. Using data
from Clusters of Orthologous Genes and OrthoMCL databases I tested Lynch and Conery’s
hypothesis by looking for the association of codon bias with genome size. Codon bias has been
shown to be an indicator of natural selection, the frequency of codons will be selected to reflect
the composition of tRNA in a given organism. A proper tuning of codon bias mechanism can
then improve translational efficiency and improve the accuracy of translation. The analysis of
the data shows negative correlation between codon bias and the genome size for both of the
datasets. Those results seem to support Lynch and Conery’s hypothesis.
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An Investigation of Heuristic and Maximum Likelihood Approaches for the Detection of
Natural Selection in Time Series Data
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A significant body of literature investigates the detection of selection in populations using
genetic variation collected at a single time point. We investigate selection detection in time
series data, as will likely rise in frequency as more populations are sequenced. We appraise
heuristically derived time-series statistics by comparing simulations of Wright-Fisher
populations with and without selection across population sizes and timescales. We find that
many heuristic statistics are not robust to small population sizes and frequently lack statistical
power. We then move to a maximum likelihood framework and investigate bias in the current
likelihood ratio statistic evaluated in the neutral case both through calculations derived from the
diffusion approximation and from exact discrete Markov Chains. We find systematic
overestimation of population size by MLE in time series with few time points. The variation in
this bias is proportional to the number of trials examined, suggesting that such bias can be
identified given sufficiently numerous trials. The observed biases in estimated population size
suggest that the standard likelihood ratio statistic to detect selection may suffer from similar
problems, for small time series.
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Rapid loss of MHC class II variation in a bottlenecked population is explained by drift
and loss of copy number variation
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Population bottlenecks may reduce genetic variation and increase the risk of extinction. Here
we present the first study to use historic DNA samples to analyse the loss of variation at the
Major Histocompatibility Complex (MHC), which plays a central role in vertebrate disease
resistance. Balancing selection acts on the MHC and could moderate the loss of variation
expected from drift; however, in a Wisconsin population of greater prairie-chickens
(Tympanuchus cupido), the number of MHC class IIB alleles per individual declined by 44%
following a population bottleneck, compared to a loss of only 8% at microsatellites.
Simulations indicate that drift likely reduced MHC variation at the population level as well as
within individuals by reducing the number of gene copies per individual or by fixing the same
alleles across multiple loci. These multiple effects of genetic drift on MHC variation could have
important implications for immunity and fitness.
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Phylogenomics and Lateral Gene Transfer in a 10,000-Genome World
Robert G. Beiko
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Understanding the degree to which all organisms are related in a Tree, Network or Something
Else of Life requires a thorough assessment of the evolutionary processes that have generated
modern biodiversity. A flood of new genomes brings us closer to this goal, but demands new
tools for data analysis and visualization that can yield a complete phylogenomic picture.
To assess the feasibility of analyzing many thousands of genomes, I performed a complete
phylogenomic analysis of 1180 microbial genomes and a total of 159,905 phylogenetic trees.
An earlier project performed on 144 genomes required over 500,000 CPU hours, but the present
analysis required less than a week of CPU time. "Very heuristic" techniques such as UCLUST,
MUSCLE, and FastTree can generate results quickly, but still require careful validation to
determine the associated cost in accuracy.
The analysis revealed clear patterns of genetic affinity that map to a combination of traditional
taxonomy and habitat similarity. In particular, acidophilic organisms and thermophiles have
shared genes to such an extent that ribosomal DNA-based taxonomy clearly cannot represent an
"evolutionary classification" of these microorganisms.
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Geographic analysis of human salivary microbiomes using GenGIS
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Many analyses of microbial diversity have suggested that the majority of microbes are not
limited by dispersal, supporting the famous postulate of Baas Becking, "Everything is
everywhere, but, the environment selects". Since it is clear that microbial populations are
strongly dependent on habitat type, host-associated microbial communities may yet show
geographic structure that corresponds to the spatial structure of their host population. Humanassociated microbial communities might therefore be expected to show strong spatial
correlations if community structure is influenced by host genotype: such results have been
claimed, for instance, for the human-associated pathogen Helicobacter pylori.
We have used our software GenGIS to investigate the potential role of human population and
geography in two previous studies of human salivary microbiomes. Using evidence about intraindividual variation and a country-by-country analysis, we confirm previous results that showed
an overall lack of geographic structuring. However, further investigation of the dataset using
phylogenetic beta-diversity-based clustering and analysis of taxonomic subgroups suggests
some degree of geographic correlation of microbial communities.
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Prevalent, Non-Intron Sequence Insertions in Daphnia Pulex Protein Coding Regions
Sarah Erb, Wenli Li, Michael Lynch, Abraham Tucker

We used all exons of the published D. pulex TCO genome as query sequences to BLAST
against five additional genomes of closely related D. pulex clones. To differentiate newly
gained introns, we only examined exonic insertions that lack typical intron splicing sites (GT…
AG). Our bioinformatics analysis revealed more than 100, non-intron insertion
polymorphisms. They range in size from 27 to 503 bp and have AT content that is similar to
that of examined Daphnia introns (63±10%). Amplification and sequencing of surveyed loci
from 86 D. pulex clones collected across North America and a number of outgroup species
allowed us to polarize these polymorphisms as 89 recent gains and 11 losses. A majority of the
gained sequences appear to be present at a high frequency in surveyed populations. In several
cases, newly inserted exonic sequences are associated with direct repeats near their termini,
providing clues to the mechanism of their origin; specifically, repair of double strand break by
nonhomologous end joining. Our data provides potential time zero insights into the mechanism
of insertion and subsequent evolution of neointrons in Daphnia populations.
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The Macaca fascicularis
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Finding a Polymorphism of the L-M Opsin Gene in Howler Monkeys Which Have Been
Supposed to Have Uniform Trichromacy in New World Monkeys
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The Pinaceae is the largest (over 230 species) and most economically important family of
gymnosperms. However, phylogeny over the Pinaceae subfamilies and genera remain
uncertain. We elucidated six cpDNAs (Cathaya argyrophylla, Cedrus deodara, Keteleeria
davidiana, Larix decidua, Picea morrisonicola, and Pseudotsuga wilsoniana) and combined 13
available cpDNAs from GenBank to re-evaluate the Pinaceae phylogeny. We discovered that
two structural polymorphisms (42-kb and 21-kb inversions) are common in the Pinaceae
cpDNAs. Our phylogenetic analyses revealed that within Pinaceae Cedrus is clustered with
Abies-Keteleeria rather than the basal-most genus and that Cathaya is closer to Pinus than to
Picea or Larix-Pseudotsuga. Our phylogenetic inferences are further reinforced by comparisons
of topology tests, structural changes, and indel distributions. Our molecular datings suggest that
the divergences of Pinaceous subfamilies and genera might have occurred during the MidJurassic and the Lower-Cretaceous periods, respectively. Two (Abietoideae and LarixPseudotsuga-Piceae-Cathaya-Pinus), four (Cedrus, non-Cedrus Abietoideae, LarixPseudotsuga, and Piceae-Cathaya-Pinus) or five (Cedrus, non-Cedrus Abietoideae, LarixPseudotsuga, Piceae, and Cathaya-Pinus) groups/subfamilies are more reasonable
delimitations for Pinaceae using different thresholds of Maximum-Likelihood estimates.
Specifically, our views on the subfamilial classifications differ from previous studies in the rank
of Cedrus when more than two subfamilies are recognized.
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Events during early embryonic development can be linked to numerous diseases. Potentially
this is the result of a programmed response to stress in order to increase survivability later in
life, of which the other side of the medal can be increased susceptibility to certain diseases.
This developmental response may furthermore be disadvantageous if the stressor is absent later
in life. In this project we aim to find and dissect the molecular mechanisms in the developing
embryo which are activated upon stressful external conditions. By analyzing global micro- and
messenger-RNA expression in the developmental zebrafish embryo, we employ a controlled
method to measure the transcriptional response. Evidence from literature strongly suggests that
most likely behavior is effected by stress during development. Therefore we focus primarily on
gene expression in the developing brain, especially those structures that are components of the
stress axis. By gene expression profiling, functional analysis and expression localization assays
we will systematically address the effects of stress during development. Our
findings will have implications for understanding developmental biology and evolution, as well
as traits that involve a cellular response towards unpredictable environments, such as cancer.
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Maintaining adaptive genetic variation is one of the key factors in the management of small
populations. Lowered genetic variation in major histocompatibility complex (MHC) loci can
lead to lowered immunity and increase the extinction risk of a population. Wolf populations
have been persecuted all over the world and the species’ distribution has diminished and
fragmented.
We sequenced the second exon from three MHC class II loci; DLA-DRB1, DLA-DQA1 and
DLA-DQB1 among 446 wolves from Europe (222) and North-America (175). Our preliminary
results show that the MHC haplotypes in European and North-American wolf populations are
highly differentiated. Altogether 36 three locus haplotypes were found, of which old and new
world wolves shared only 5. North-American wolves were markedly more diverse than
European wolves (28 and 20 haplotypes, respectively), which might reflect higher
fragmentation levels of European populations.
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In 2009, influenza virus caused pandemics in the human population: H1N1/09. One important
issue in studies of influenza viruses is to predict possible changes in genomic sequences, and
we focused such characteristics of influenza virus genomes that depend on host animal sources
using a novel bioinformatics strategy (Batch Learning Self Organizing Map, BLSOM).
We constructed BLSOM with oligonucleotide and codon frequencies for all influenza virus
strains available. H1N1/09 strains have oligonucleotide and codon compositions that are clearly
different from those of classical seasonal human strains, e.g., classical H1N1 and H3N2.
Frequencies of these oligonucleotides and codons may change for establishing continuous and
efficient infection cycles among humans to increase fitness. Therefore, we compared the
sequence of the strain isolated in the very early stage of the pandemic with those from
approximately 100 H1N1/09 strains isolated in the latest stage of the pandemic.
Oligonucleotides and codons that were clearly different from those of seasonal human strains
were changed towards those of the classical seasonal human strains.
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HCMV is a dsDNA virus that encodes a large (~236 kb) genome and is the leading cause of
birth defects resulting from an infectious agent. Here we present the study of Human
Cytomegalovirus (HCMV) populations collected from congenitally infected human neonates.
We sequenced the near-complete viral genome to depths of 1800 genome equivalents. We
show that the diversity of HCMV populations within these patients is comparable to that of
RNA virus populations, such as HIV or Dengue virus. Additionally, we estimate that a large
majority (~93%) of the variants in the population are deleterious, suggesting a strong role for
purifying selection. Lastly, we identify a handful of sites that are putative targets of recent
select sweeps, including known targets of CD8+ T cells. In total, this study suggests that
HCMV populations harbor a tremendous amount of standing genetic variation, the patterns of
which are shaped by pervasive negative selection as well as periodic adaptive events.
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Tomato black ring virus (TBRV) is very dangerous because pathogens infecting a wide range of
economically important crops. In Poland TBRV is classified as a quarantine pathogen. The
symptoms-attenuating defective interfering (DI) RNAs associated with TBRV were identified
and cloned. The isolates were collected from Robinia pseudoacacia L, Sambus nigra,
Cucurbita pepo and Solanum lycoperscium. The 5’ 3’Race system (Invitrogen Carlsbad, USA)
was used to amplify 5’ and 3’ UTR of Polish TBRV isolates. The obtained PCR products were
cloned and sequenced as well. Sequencing of DI revealed that we can distinguish two types of
TBRV DI RNAs: one contained sequences from the 5’ and 3’ untranslated region (UTR) as well
as a portion of the protease cofactor, whereas other consists of short fragment of the 5’ UTR,
the whole 3’ UTR and a portion of RNA dependent RNA polymerase gene. The analysis of
putative regions involved in recombination and secondary structure of DI and UTRs were
performed. Differences in UTR sequences observed between isolates can affect the generation
of structure which was described as elements facilitating occurrence of recombination.
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Phylogenetic ß-diversity measures use gene trees to compare the taxonomic or metabolic
diversity of communities. Such analyses yield quantitative diversity estimates that can be
related to environmental and geographic factors. We have developed three new phylogenetic ßdiversity measures. One of these is a modification of the widely used UniFrac statistic, while
the other two use complementary definitions for determining which branches are shared by or
external to a pair of communities. Applying these measures to mouse ileum microbiota sampled
before and after antibiotic treatment demonstrates that UniFrac clusters pre-treatment samples
in spite of substantial phylogenetic differences that are readily identified using one of our new
measures. We then generalize our phylogenetic ß-diversity measures to unrooted trees and
phylogenetic networks. This allows ß-diversity to be calculated even when a creditable
outgroup cannot be defined, or when there is a degree of uncertainty in the reference phylogeny.
Application of the proposed measures to an unrooted split network of proteorhodopsin genes
recovers geographic and seasonal structuring between communities previously identified
through a qualitative examination of a rooted tree.
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Identifying differences between metagenomic samples allows us to infer the influence of
ecological factors on the diversity and distribution of microbial lineages and metabolic
functions. Statistical hypothesis tests help us distinguish between differences arising from
ecological influences and those which are simply sampling artifacts. However, knowledge of
only the p-value from a statistical test is insufficient to make inferences about biological
relevance. We have developed the STatistical Analysis of Metagenomic Profiles (STAMP)
software package in order to promote the use of effect sizes and confidence intervals in
assessing biological importance. A graphical interface permits easy exploration of statistical
results and generation of publication-quality plots for inferring the biological relevance of
features in a metagenomic profile. Here we demonstrate how the statistical methods provided in
STAMP can be used to identify compositional differences in the microbiota of various human
body locations. STAMP is freely available from http://kiwi.cs.dal.ca/Software/STAMP, open
source, and available for all major platforms.
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The Tree of Life hypothesis has dominated the human perspective on the evolutionary history
of life on the planet. This hypothesis has been modified somewhat recently to allow limited
horizontal gene transfers to be superimposed on this tree. However, it is becoming increasingly
difficult to reconcile the observed extent of horizontal gene transfers with the central metaphor
of a great tree uniting all organisms on the planet. In this manuscript we describe a better
hypothesis – the Public Goods Hypothesis – that can adequately describe the evolution of life
on the planet. Public goods genes are defined by having the properties of being largely nonexcludable (no organism can be effectively prevented from accessing these genes) and non-rival
(while such a gene is being used by one organism it is also available for use by another
organism). This description of genes seems to be the best fit to the observable data. The nearuniversality of the genetic code ensures that such non-excludable genes exist and nonexcludability explains why we see a myriad of genes in different combinations in sequenced
genomes. There are two features of the public goods hypothesis. Firstly, many genes (or
segments of DNA) are seen as public goods, available for all organisms to integrate into their
genomes. Secondly, we expect local tree-like patterns to emerge from the combination of a
commonage of genes and vertical inheritance of genomes by cell division. Unlike the Tree of
Life hypothesis, we expect that we do not see a global tree-like pattern. However, while genes
might theoretically be public goods, in reality, some genes may be excludable, particularly,
though not only, when they have variant genetic codes or are seen as coalition or club goods,
available for all organisms of a coalition to integrate into their genomes, and non rival within
the club. Overall, the public goods hypothesis is a better fit to the observed data than the Tree
of Life hypothesis.
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The Kinetoplastida are an important group of eukaryotic microbes well known for their unusual
molecular biology and parasitic tendencies. Here we present a genomic characterization of
Neoparamoeba pemaquidensis and its kinetoplastid endosymbiont, the so-called Ichthyobodorelated organism (IRO). First, six protein genes from the host and IRO were sequenced,
revealing that the IRO genome is more G+C rich than that of its amoeba host, opposite to the
pattern typically seen in host-endosymbiont pairs. Second, we used pulsed-field gel
electrophoresis and Southern hybridizations to gain insight into the size and structure of the
host and IRO genomes. Probes targeting the host genome hybridized to numerous chromosomal
bands 0.45 - 1.2 Mbp in size. In contrast, a probe against the IRO SL RNA gene hybridized to
at least 11 distinct chromosomal bands between 1.0 Mbp to 3.5 Mbp. The IRO genome is
estimated to be at least ~25 Mbp in size.
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Although, regulatory divergence has been observed in a wide range of species, the
understanding of other factors that contribute to it is still limited. Here, we present a
comprehensive analysis of the role of nucleosome positioning in the evolution of transcription
factor binding sites (TFBS). We compared the TFBS frequency in nucleosome occupied regions
(NRs) and nucleosome depleted regions (NDRs) in promoters of old (orthologs among
Saccharomycetaceae) and young (Saccharomyces specific) genes; and in duplicate pairs. We
demonstrated that NRs accommodate greater TFBS variations in young genes and in duplicate
genes. The TFBSs at NRs exhibited a consistently higher evolution rate than those in NDRs,
corroborating the differences in the selection constraints in the two regions. Finally, through site
directed mutagenesis, we found that TFBS gain or loss events at NDRs may cause more
expression differences than those at NRs. These results suggest the existence of different
selection constraint on TFBSs at NRs and NDRs.
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Metagenomics enables the study of unculturable microorganisms in different environments
directly. Discriminating between the compositional differences of metagenomes is an important
and challenging problem. Several distance metrics have been proposed to estimate the
differences based on functional profiles or taxonomic distributions; however, the strengths and
limitations of such metrics are still unclear. Initially, we analyzed three well-known distance
metrics and found very little difference between them in the clustering of samples. This
motivated us to incorporate suitable normalizations and phylogenetic information into the
metrics so that we could cluster samples from both real and synthetic datasets. The results
indicate significant improvement in sample clustering over that derived by rank-based
normalization with phylogenetic information, regardless of whether the samples are from real
or synthetic microbiomes. Furthermore, our findings suggest that considering suitable
normalizations and phylogenetic information is essential when designing distance metrics for
estimating the differences between metagenomes. We conclude that incorporating rank-based
normalization with phylogenetic information into the distance metrics helps achieve reliable
clustering results.
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Possession of paired appendages is regarded as a novelty to define crown gnathostomes. During
development, limb initiation in the lateral plate mesoderm (LPM) involves several steps: first,
the LPM is regionalized into the anterior and posterior LPM (ALPM and PLPM, respectively).
Second, in the PLPM, Hox genes are expressed collinearly to establish positional values along
the anterior-posterior axis. The developing PLPM splits into somatic and splanchnic layers, and
limb bud appears in the former layer. To gain insight into the evolutionary sequence leading to
the emergence of paired appendages, we examined the development of the ventral mesoderm in
the cephalochordate amphioxus Branchiostoma floridae and the LPM in the agnathan lamprey
Lethenteron japonicum. We observed that, although the ventral mesoderm of amphioxus was
not regionalized into anterior and posterior domains, the lateral plate mesoderm of lampreys
was regionalized into the ALPM and PLPM, as in gnathostomes. We also found nested
expression of two Hox genes in the PLPM of lamprey embryos. However, histological
examination showed that the PLPM of lampreys was not separated into somatic and splanchnic
layers. These findings provide insight into the sequential changes that would have occurred in
the ancestral LPM leading to the emergence of paired appendages.
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Mitochondrial genetic markers (COI, 16S and 12S) are dominant in constructing phylogeny of
Mollusca even though sometimes they provide poor resolution in high-level studies above
family. We tried to establish an efficient way to construct the most reliable phylogeny of higher
taxa using minimum number of genes. We constructed a maximum likelihood phylogenetic tree
based on the full length of amino acids from protein-coding genes as a reference phylogeny (43
species of Gastropoda). Calculation of genetic distance, substitution saturation test, and
phylogenetic node recovery were conducted for each gene fragment to evaluate their
performance in tree construction. The reference phylogeny suggested two major clades: (1)
Caenogastropoda + Vetigastropoda and (2) Heterobranchia + Hypsogastropoda. With a slower
evolutionary rate, a lower number of genes is needed to construct reliable phylogeny in clade 1
compared to clade 2. The minimum number of genes of amino acids to construct reliable
phylogeny ranged from 3~7 (three in clades 1; seven in clade 2).
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Widely employed models for measuring natural selection using phylogeny-based likelihood are
continuous-time Markov processes with substitution rates weighted by codon or nucleotide
frequencies. The ratio of nonsynonymous to synonymous substitutions ω distinguishes
neutrally evolving (ω=1) sequences from those affected by negative (ω< 1) or positive (ω>1)
selection. Questions about lineage- or site-specific selection are tackled by comparing the fit of
the appropriate multiple-ω model with that from the single-ω model. The null hypothesis of
neutrality relies on ω=1 irrespective of sequence composition. We examined properties of three
classes of codon models and demonstrate that ω can be markedly different between them using
primate and microbial sequences. We show that Type 1 error rates are sensitive to sequence
composition, depending on the alternate hypothesis. The codon frequency forms exhibited
excessive error rates for tests of branch specific selection, the nucleotide frequency form
exhibited excessive error rates for tests of site-class specific selection. These results are
explained by describing the relationship between model form and the null hypothesis.
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Understanding how phenotypic evolution is associated with speciation and evolution of gene
has been a major concern in evolutionary biology. Reliable estimation of molecular
phylogenetic relationship is very crucial to address this issue. However, phylogenetic
relationships of species and population levels are often difficult to estimate due to insufficient
genetic divergence and introgression. In the present study, I show that frequent hybridization
can occur even between different genera, and this intergeneric hybridization, relatively rapid
and parallel morphological evolution cause substantial incongruence among molecular
phylogeny, morphology and taxonomy. Phylogenetic relationships of the land snails Ainohelix
editha and Ezohelix gainesi from Hokkaido, Japan, were estimated by nuclear DNA (ITS-1,2)
and mitochondrial DNA (16S rDNA). The inferred phylogeny showed marked incongruence in
the topology between the ITS-1,2 and 16S rDNA tree. No clear association was found between
morphology (taxonomy) and phylogeny. These patterns suggest that introgressive hybridyzation
has occurred between A. editha and E. gainesi in the history of their evolution despite that all of
the populations of A. editha and E. gainesi can be morphologically clearly distinguished from
each other.
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Pepino mosaic virus (PepMV) is a serious pathogen of Solanaceae crops worldwide. PepMV
isolates were classified into four genotypes: European (EU), Peruvian (LP), Chilean 2 (CH2),
(American 1) US1. The isolates representing CH2 genotype are currently dominating in Europe
however the isolates belonging to EU genotype are still present and persistent in mixed
infection. It was also suggested that in seed transmission the EU genotype has an advantage
over the CH2 genotype and it might explain the original dominance of the European genotype
in European countries in the initial outbreaks. Moreover, the EU genotype has become
dominating in the USA. The isolates of EU genotype share 99% genome sequence identity
however among them mild as well as necrotic isolates were described. It suggests that single
nucleotides substitution may affect virus virulence and symptoms induced on plants. In Poland,
we have found EU isolates which differ in symptoms and host range. The full length genomes
were amplified and sequenced. Comparison of full length genome sequences revealed 99%
identity between them and single mutation which distinguished them have been identified.
Further research are required to recognize regions in the PepMV genome responsible for
different biological properties observed and viral infectivity.
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A pressing challenge in phylogenomics is the need to cope with the massive production of
complete genomic sequences, especially after recent technological developments. Problems that
are particularly affected by the increasing flow of genomic data and that require continuous
update are: i) the establishment of evolutionary relationships between species (the so-called
Tree Of Life (TOL)), ii) the inference of orthology and paralogy relationships across genomes,
and iii) the study of the evolution of large, widespread super-families that evolved through
complex patterns of duplications and losses. To face such challenges we have developed two
complex approaches that allow high scalability and continuous update, while achieving highest
levels of accuracy. The first such pipeline automatically reconstructs entire species-centric
collections of gene phylogenies (the so-called phylome), and combines this with phylogenetic
information from various other sources to derive unique orthology and paralogy predictions.
The second pipeline, which we applied to the superfamily and the Tree of Life assembly
problems, is able to reconstruct large phylogenies by means of an iterative strategy that
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We present a population genetic method to analyse time-series data of allele frequencies,
illustrated here using data from an artificial selection experiment in a yeast population. Our
method measures the consistency of a range of proposed evolutionary scenarios with allele
frequency changes observed over time. Population genetic theory is utilized to formulate
equations of motion for the allele frequencies under each scenario, following which likelihoods
for having observed the sequencing data under each scenario are derived. Comparison of these
likelihoods gives an insight into the prevailing dynamics of the system under study. Using our
method we discover that about 10% of polymorphic sites evolve non-neutrally. We further
identify 37 genomic regions containing one or more driver alleles, quantify their selective
advantage, get estimates of local recombination rates within the regions, and show that the
dynamics of the drivers display a strong signature of fitness effects going beyond additive
models of selection. The combined experimental and analytical approach we present offers a
paradigm for understanding evolution in a range of systems under many different evolutionary
pressures.
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Excavations of a proto-Christian cemetery in Broby, Sweden, revealed the remains of an older
woman and two adolescents were buried in a close proximity, implying a family relation. The
woman is believed to be Estrid, the matron of a wealthy and powerful Viking age kin, with a
rich legacy consisting of several rune-stones. They are believed to have founded the cemetery.
The history of their family, as well as their status at the cemetery makes the family relations of
the individuals buried of archaeological interest.
In order to establish a possible biological kinship between the two adolescents and the woman
HVR1 (mtDNA) was PCR amplified with tagged primers. The 341 bp fragment was amplified
in 7 overlapping fragments. Subsequently the amplicons were sequenced through high
throughput 454 FLX/Roche sequencing. Authentic ancient DNA (aDNA) sequences were found
through PhyloNet analysis and a conservative sequence was assembled for each individual. The
comparison of the sequences with the CRS and each other showed 3 different haplotypes in the
above mentioned individuals.
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Here I present a study on the molecular evolution of pheromone receptor genes (pre-1 and
pre-2) in the fungal genus Neurospora. This genus harbor both heterothallic and homothallic
taxa, which reproduce sexually by outcrossing and intrahaploid selfing, respectively. By using a
phylogenetic framework of Neurospora, we have investigated whether the evolutionary
trajectory of the pheromone receptor genes in Neurospora differs between heterothallic and
homothallic taxa (i.e. exhibit a mating-system dependent evolution), and/or between the
lineages/clades believed to represent independent switches from hetero- to homothallism
(switch-dependent evolution). For pre-1, no support for neither a mating-system dependent nor
a switch-dependent evolution was found, whereas for pre-2 the local model assuming a matingsystem dependent evolution best fitted the data. Overall, the results indicate that both pre genes
are functionally conserved in homothallic taxa, a finding in strong contrast to the mating-type
genes, which are genetically degenerated. To further investigate pre-gene evolution, we are
currently conducting expression studies of pre genes in homothallic Neurospora.
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Regulatory systems produce phenotypes that are robust to genetic and environmental variation,
but the mechanisms that enable this robustness are not well understood. Recently, a study in
yeast knockout strains identified >300 genes that confer robustness to microenvironmental
variation. Theoretical studies predict that genes that confer robustness to, or “buffer,” one
source of variation, should buffer all sources of variation. If this were true then many yeast
genes would buffer genetic variation, reducing the phenotypic effects of mutations and
shielding them from selection. To test this prediction, HTZ1 was knocked-out in each member
of a collection of 86 mutation accumulation lines. HTZ1 greatly increases phenotypic variation
due to the microenvironment when knocked-out. High-throughput staining and image analysis
of individual cells from each HTZ1- and HTZ1+ line measured the mean and variance of many
morphological traits. If HTZ1 buffers genetic variation, there should be greater variation
between HTZ1- lines than between the corresponding HTZ1+ lines. Preliminary results confirm
this prediction, suggesting HTZ1 increases robustness to genetic variation, and, when impaired,
allows previously silent mutations to affect the phenotype.
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Flower color functions primarily as a signal to attract a specific set of pollinators. Evolutionary
change in flower color is often associated with changes in pollinator associations. Hemerocallis
fulva has red-orange flowers with no odor and diurnally blooming. On the other hand, H. citrina
has pale yellow flowers with a sweet odor and nocturnal blooming. We believe that loss of
anthocyanins in H. citrine reflects adaptation to attract hawkmoths. In this study, delphinidin 3O-rutinoside was isolated from the tepals of H. fulva. In F1 hybrids, five plants had a very small
quantity of anthocyanin pigments, and five plants lacked anthocyanin pigments. In F2 hybrids,
61 of 124 plants lacked anthocyanin pigments, while 63 plants had anthocyanin pigments. This
ratio suggests that anthocyanin pigmentation is controlled by a single Mendelian locus. The
genes F3’h, Ans, 3gt, and Rt exhibit reduced expression in H. citrana, which is consistent with
the pigmentation difference between species being controlled by a gene coding for a
transcription factor.
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The coalescent with recombination is a frequently used model for genomic sequence variation
within a population or species. Key population-genetic applications involve inference under the
coalescent and can be formulated in terms of the so-called conditional sampling distribution
(CSD). Briefly, the CSD describes the probability of sampling an individual with a particular
genomic sequence, having already observed a collection of individuals. We employ a
sequentially Markov framework together with a previously introduced mathematical
approximation to obtain a highly accurate approximation to the true CSD. Our approximate
CSD is formulated as a hidden Markov model, yielding an algorithm with time complexity
linear in both the number of loci and the number of haplotypes, thereby facilitating application
on a genome-wide scale. We demonstrate empirically that our new CSD is substantially more
accurate than previously proposed CDSs, particularly as the number of loci increases. The
framework presented here can be readily adopted in a wide range of population-genetic
contexts, including genotype phasing and imputation, demographic and ancestral inference, and
admixture mapping.
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The Ficus trees (Moraceae) depend on fig wasps (Agaonidae) for pollination, whereas fig wasps
depend on fig trees as the brood-site of their offspring, thus neither partner can successfully
produce in the absence of the other. In dioecious fig species, male syconia produce only wasps,
whereas female syconia nurture only viable seeds. Population dynamics of wasp are closely
linked to reproductive success of host figs. To understand the ecological dynamics of this
system, we focused the predators of fig wasps inside syconium.
We examined the insect fauna inside the syconium of Ficus erecta in Japan. Pollinating and
non-pollinating wasps were found from syconia collected in May and September 2010. In
September, the dipteran larvae were found from fig syconia, and they feed on adult pollinating
wasp. By morphological and molecular phylogenetic analyses, the dipterans were identified as
Silba species. The attack rate by larvae was high, and they were found only from syconium
harboring pollinating wasp. These observations suggest that the Silva larvae are specialized in
feeding on pollinating wasps and have negative impact on wasp population.
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The evidence of the two-round whole genome duplications (2R WGD) occurred in the ancestral
vertebrate genome is the existence of paralogous conserved synteny blocks within each
vertebrate genome. These synteny blocks are bearing paralogs and conserved non-coding
sequences (CNSs) that are candidate of cis-regulatory elements. The CNSs might play
important roles in the vertebrate evolution. However, the relation between paralogs and
paralogous CNSs is still unclear. Thus, detecting paralogous CNSs and inferring their relation is
important to understand evolution after the 2R WGD.
Orthologous CNSs of each synteny block were detected by using previously described synteny
data, and 7,924 CNSs are conserved among 8 vertebrate species. These orthologous CNSs were
compared each other to detect paralogous CNSs. From these analysis, we found that there is
weak correlation between the distribution of paralogous CNS and the distribution of paralogous
genes. This result suggests that paralogous CNSs might contribute to paralogous synteny
retention.
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Phylogenetic analyses of myriapods based on three nuclear protein-coding genes
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Myriapoda, a subphylum of Arthropoda, includes four classes, Chilopoda, Diplopoda,
Symphyla, and Pauropoda. Recent studies supported the monophyly of the four classes, but the
interrelationships of them and the interordinal relationships within the two classes, Chilopoda
and Diplopoda, are not completely elucidated. Here, we determined the nucleotide sequences of
three nuclear protein-coding genes, RPB1 (RNA polymerase II largest subunit), RPB2 (RNA
polymerase II second largest subunit), and DPD1 (DNA polymerase delta catalytic subunit)
from ten myriapods representing four orders of Chilopoda and six orders of Diplopoda. The
amino acid sequences of these genes together with our previous data of other arthropods have
been used for phylogenetic analyses with maximum likelihood (ML) method. The interordinal
relationships of the Chilopoda are well resolved, and consistent with that of the morphologybased analyses. Within the Diplopoda, the four orders, Spirobolida, Polydesmida, Julida and
Chordeumatida clustered into one clade with high support, and the sister relationship between
Spirobolida and Polydesmida is strongly suggested.
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Adaptive Species Replacement in Hybrid Population of Two Closely Related Viola Species
Occurring in Contrast Habitats
Hironori Toyama, Tetsukazu Yahara
Kyushu-University, Japan

Hybrid zones formed from genetically and ecologically differentiated species provide an
opportunity to examine the interaction of genetics and ecology in determining species
boundaries. We focused hybrid population of two closely related Viola species that was formed
by invasions of V. eizanensis preferring more shaded places to V. chaerophylloides preferring
more open places. 339 AFLP loci were used to estimate genetic structure and generation of
hybrids. Maternal inheritance was confirmed thorough sequencing of mtDNA atpI-atpH.
Phenotypic variation was measured by leaf mass/area (leaf thickness) and leaf perimeter/area
(leaf dissection) that were diversified between species. AFLP and mtDNA analysis showed that
a genome of hybrid individuals was replaced by V. eizanensis. Significant correlations were
observed between hybrid index and two leaf traits. These results suggested that adaptive genes
of V. eizanensis to shaded habitats were fixed among hybrids and degree of leaf thickness and
dissection were important to adaptation for their light environments.
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Expression and Evolutionary Analysis of Seed Storage Proteins in Rice
Ung-Han Yoon1, Jeonghwa Lee1, Gang-Seob Lee1, Jang-Ho Hahn1, Hyeon-So Ji1, Chang-Kug
Kim1, Doh-Won Yun1, Yeon-Ki Kim2, Tae-Ho Lee2, Young-Mi Kim1, Sung-Won Yoon1 and
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Storage proteins in rice, a staple crop particularly in Asia, are important for human diet. Seed
storage proteins are hydrolyzed during the germination to provide seedlings with nutrient
sources. Rice grain has relatively low protein content compared to other legume seeds. Seed
storage proteins were initially classified on the basis of their solubility. Acidic/alkaline solution
soluble glutelin, alcohol-soluble prolamin and salt-soluble globulin are the major storage
protein in rice. For the gene expression analysis, 33,192 EST clones were examined at
immature stages in a rice cultivar (Oryza sativa cv. 'Ilpum'). The 11 glutelin genes were cloned
and the 8 genes of them exhibited 28% expression of total level. They were located on
chromosome 2. Interestingly, glu-04 is duplicated as inverted sequences on the same
chromosomes as far 4.5 kb. Moreover, 18 prolamin genes were cloned and the 9 genes were
revealed to be on chromosome 5. These results suggest that seed storage proteins were
duplicated and designated on a specific chromosome in their evolutionary context. To
investigate the tissue specific expression, 135K oligo chip was used for gene profiling in
different tissues. Further work will focus on the comparison of seed storage protein in cereal
plants for the evolutionary scope.
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Genome Structure Analysis Of Molluscs Revealed Large-Scale Genome Duplication And
Lineage Specific Repeat Variation
Masa-aki Yoshida1, Atsushi Ogura1
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Comparative genome structure analysis allows us to identify novel genes, repetitive sequences
and gene duplications. To examine lineage specific genomic changes causing nervous system
evolution of molluscs in which cephalopods developed complex eye structure and large-sized
brain, we conducted comparative genome structure analyses of three molluscs, pygmy squid,
nautilus and scallops using partial genome shotgun sequencing. For the first attempt, we tried to
find whole genome duplication that might produce large amount of novel functional genes and
to extract lineage specific repetitive element (RE) that might cause genome size expansion. We,
first, observed large-scale gene duplications in all the three molluscs. We, then, identified
common and lineage-specific REs with RE proportion by homology-based RE detection and de
novo RE detection. Nautilus has the largest genome among three species, but also the smaller
proportion of REs, indicating that the increase in genome size resulted not from RE expansion.
Squid, on the other hand, has the largest proportion of REs but smaller genome size than
nautilus even though they have complicated eye and brain.
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Host-parasite Coevolutionary Arms Races Give Way to Fluctuating Selection
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Host-parasite coevolution is a key driver of biological diversity and parasite virulence, but its
effects depend on the nature of coevolutionary dynamics over time. We used phenotypic data
from coevolving populations of the bacterium Pseudomonas fluorescens SBW25 and parasitic
phage SBW25Φ2, and genetic data from the phage tail-fibre gene (implicated in infectivity
evolution) to show that arms race dynamics, typical of short-term studies, decelerate over time.
We attribute this effect to increasing costs of generalism for phages and bacteria with increasing
infectivity and resistance. By contrast, fluctuating selection on individual host and parasite
genotypes was maintained over time. This interpretation is supported by genetic divergence on
the phage tail fibre gene: adaptive molecular evolution continued even after infectivity ranges
stabilize. Given that costs of generalism are reported for many other systems, arms races may
generally give way to fluctuating selection in antagonistically coevolving populations.
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Genome-wide insights into the evolution and transcriptional consequences of regulatory
variation in diverse yeast strains
Caitlin Connelly, Joshua Akey
University of Washington, Seattle, USA

Noncoding genetic variation significantly influences gene expression; however, the patterns of
noncoding variation present within populations, the evolutionary forces acting at noncoding
variants, and the relative effects of different noncoding variants on gene expression are not well
characterized. We address these questions by analyzing patterns of regulatory variation in 37
fully sequenced strains of S. cerevisiae. Population genetics analyses reveal that on a genomewide scale, regulatory motifs are under strong purifying selection, and there is considerable
heterogeneity in the magnitude of selection across different motifs. In addition, some
noncoding regions exhibit high regulatory divergence consistent with known phenotypic
differences among strains. Finally, we leveraged RNA-Seq data for 23 strains to identify
associations between regulatory polymorphisms that create or destroy DNA sequence motifs
and transcriptional differences between strains. In total, we identified 435 regulatory motif
polymorphisms significantly associated with expression variation (FDR = 5%) affecting 252
genes. Our results provide new insights into the evolution of regulatory regions, the
contribution of transcriptional variation to phenotypic diversity, and the characteristics of
regulatory alleles in global yeast strains.
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Geographic trends in introgressive hybridization between two rockfishes, Sebastes vulpes
and S. zonatus (Teleostei: Scorpaeniformes: Scorpaenidae) from Japan
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Sebastes vulpes and S. zonatus are closely related rockfishes, both commonly known from the
western North Pacific.
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Evolutionary Study of Japanese Domesticated Chickens through Dopamine Receptor
Gene Analysis
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The domesticated chicken has spread worldwide and differentiated into many varieties bred for
specific purposes from food production to entertainment. We sought to establish a greater link
into the molecular evolution of three domesticated Japanese varieties in particular, fighting
cocks, long-crowing chickens and ornamental chickens that have been part of Japanese culture
for over a thousand years. First of all, we wanted to clarify the relationship between behavior
and artificial selection of chickens by humans in the past. In this study, we researched the
coefficient of gene differentiation (GST) in the DRD 2, 3, and 4 genes of the three varieties of
domesticated chickens chosen for our study, looking at a total of 8,200 base pairs. From our
results, the fighting cocks values are higher than the other two domesticated chickens.
Suggesting a stricter and continuous artificial selection by breeders since improving fighting
cocks first began.
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Genetic Variation in Wild Capuchins and Spider Monkeys in Costa Rica: Implications
for Dispersal Patterns
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Patterning of genetic variation in wild animals can complement observational data collected
during socio-ecological studies. We investigated genetic variation in the mitochondrial control
region, autosomal short tandem repeats (STR), and noncoding autosomal nucleotide sequences
in five groups of capuchins (Cebus capucinus) and in one group of spider monkeys (Ateles
geoffroyi) in the Santa Rosa Sector of the Area de Conservación Guanacaste, Costa Rica.
Among the capuchin groups, genetic differentiation of mitochondrial DNA was much higher
than that of autosomal STR, consistent with male-biased dispersal. By contrast, the nucleotide
polymorphism (θw) ratio of mitochondrial to autosomal sequences was significantly higher in
spider monkeys than capuchins, strongly suggesting female-biased dispersal in spider monkeys.
Our results are consistent with observed dispersal patterns and provide insights into aspects of
social organization that are difficult to determine from observational data alone.
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Western subtype of tick-borne encephalitis virus (TBEV) in central Sweden
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With a distributional range from northern Africa to northern Scandinavia the Ixodes ricinus tick
is considered to be one of the most important vectors of zoonotic pathogens such as the tickborne encephalitis virus (TBEV) and the Lyme disease spirochaetes (caused by Borrelia
burgdorferi sensu latu). In Sweden, approximately 200 cases of human tick-borne encephalitis
are reported each year. To estimate the prevalence and to determine the TBEV subtypes present
in Sweden, 873 adult I. ricinus was collected between May and September 2008 from 25
localities in Sweden, and subsequently screened for TBEV using a one-step TaqMan Real-Time
RT-PCR. Five ticks were positive for TBEV, corresponding to a prevalence of 0.77% for central
Sweden and 0.57% for the whole of Sweden. The TBEV envelope gene was successfully
amplified and sequenced for three tick RNA extracts. Phylogenetic analysis indicated that, in
accordance with previous investigations, the three TBEV sequences belong to the western
subtype of tick-borne encephalitis virus group.
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Measuring Competitive Fitness on a Surface
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Microbes live in a wide variety of natural habitats, many of which are two-dimensional
surfaces, such as plant leaves or skin surfaces. The survival of a species depends on its fitness
relative to its competitors, an important parameter of evolutionary dynamics. The standard way
to measure competitive fitness in the laboratory is a fitness assay in liquid culture, thereby
neglecting the important effects of spatial structure. Here, we propose a method to measure the
competitive fitness on a surface using a recently developed 'range expansion assay'. In this
assay, the stochastic spatial growth dynamics of two competing strains of Saccharomyces
cerevisiae on a Petri dish leads to the formation of sectors. The shape of these sectors can be
understood with the framework of a simple theoretical model, which we use to extract the
competitive fitness.

P1-88
Genome-wide analyses of recombination show that Giardia intestinalis assemblages are
genetically isolated lineages
Xu, Feifei and Andersson, Jan O,

Giardia lamblia is an intestinal parasite of humans, livestock and wild animals. There are seven
assemblages, infecting a range of different hosts. It has been suggested that these should be
separate Giardia species. However, it is unknown whether recombinations occur between
assemblages; previous studies have been based on a small set of genes and show conflicting
results. With three Giardia genomes from different assemblages available, we have investigated
the recombination question from a genome-wide perspective.
Two complementary approaches were applied on 4009 positional orthologs. First the relative
non-synonymous substitution rates of the orthologs were compared using triangle plots. The
vast majority show patterns indicative of a tree-like evolution without inter-assemblage
recombinations of whole genes. A region of ~6 kbp shows a strikingly different pattern,
suggesting an exchange of genetic material between assemblages A and E, likely followed by
gene conversion events. Furthermore, recombination detecting software fails to indicate withingene inter-assemblage recombination from the vast majority of the orthologs. To summarize,
our results indicate very limited recombination between G. lamblia assemblages, suggesting
that they should be viewed as separate species.
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Maintenance of Sex: a Major Rate Advantage in Adopting Beneficial
Mutations at Single Loci in Diploids Overcomes the Two-fold Cost of Sex
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Explaining the maintenance of sex remains a major problem in evolutionary biology because of
its 2-fold cost in higher eukaryotes. Here we identify a previously unsuspected mechanism that
strongly favours sexual over asexual reproduction. It originates in a significant rate advantage
in the adoption of beneficial mutations at a single locus in diploid populations. We show by
computer simulation that it allows sexual reproduction to track a changing environment more
rapidly than asexual reproduction, thereby producing, in turn, a fitness advantage. The rate
effect is more substantial if multiple loci are involved and is largely independent of population
size and mutation rates. It more than offsets the two-fold cost of sex, either the 50% cost of
meiosis or the two-fold cost of males. It is particularly effective where the environment evolves
rapidly and antagonistically; i.e., Red Queen models involving parasites.
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Molecular underpinnings of the defensive polyethism in termites
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Understanding evolutionary processes of complex traits is the major challenges in modern
biology. Sociality in insects is one of the most sophisticated characters as evolutionary
consequences. Colony members of social insects share similar genomic background, although
they differentiate into morphologically and behaviorally different particular “castes” depending
on the surrounding conditions during their development. The division of labor among such
castes increases the colony fitness of social insects.
Termite is a representative group of social insects. The soldier caste in termites has been
acquired once at the early stage of social evolution, and highly been conserved among the
lineages. Although it is known that soldiers are specialized in colony defense with the high
aggression, the molecular and neurophysiological underpinnings that underlie the differential
aggression among castes have never been explored. In the present study, we examined the
functional roles of octopamine and tyramine of the damp-wood termite Hodotermopsis
sjostedti. Our results indicate that tyramine is responsible for the high aggression in soldiers,
suggesting that the evolutionary changes of tyraminergic systems are important for the
acquisition of solider castes.

P1-91
Genome sequence of an Intracellular Bacterial Symbiont in a Deep-sea
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Population genomics of the chemoautotrophic endsymbiont in Calyptogena clams
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Deep-sea invertebrate Calyptogena clams thrive with the support of intracellular symbiotic
chemoautotrophic bacteria. Considering the defective nature of DNA repair and close
environment, the population within individual host may be no clonal assemblage. Actually, in
several individuals of Calyptogena okutanii, deeply sampled genomic data obtained with a
SOLiD system revealed that a population of symbionts has relatively abundant variation within
and between individuals of the clam. Most of these variations were nonsynonymous mutations
in functional genes. To understand the adaptive significance of population heterogeneity in
symbiont, we discuss how much of these variation are neutral or adaptive.
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Plants generally have two distinct RNA polymerase, the plastid-encoded RNA polymerase
(PEP) and nuclear-encoded RNA polymerase (NEP) in plastids. Sigma factor which recognizes
promoter element of chloroplast genome is a nuclear-encoded subunit of PEP. It has been
considered that sigma factor increased its copy number to adapt environmental responses and
chloroplast differentiation during land plant evolution. However, the detail is still unknown.
Here, we have isolated the T-DNA tagged mutant (Mpsig1) for sigma factor 1 (MpSIG1) in
liverwort which is considered to represent a basal group of land plant. Although the Mpsig1
mutant shows no visible phenotype, the expression analysis via quantitative reverse
transcriptional PCR and RNA gel-blot analyses in Mpsig1 mutant provided insight into the
subfunctionalization process of sigma factors during land plant evolution.
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Reproductive Isolation Between Drosophila ananassae and D. pallidosa
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In nature, species maintain their identity through reproductive isolating mechanisms acting at
different stages of life cycle, for example premating (before mating), postmating- prezygotic
(after mating but before zygote formation) and postzygotic isolation (after zygote formation). In
this study, we have tried to investigate those isolating mechanisms which act between the two
sibling species Drosophila ananassae and D. pallidosa using mating success and egg
hatchability in conspecific and heterospecific crosses. We found that the mating success was
higher in conspecific crosses than the heterospecific ones indicating the presence of sexual
isolation between the two species. The egg hatchability was similar but the number of
unhatched eggs differs significantly between conspecific and heterospecific crosses. Also, the
fertilization failure rate was higher in the heterospecific crosses involving D. pallidosa female
suggesting that postmating- prezygotic isolation might be acting between the two species.
However, developmental failure rate does not differ significantly between two crosses
suggesting the absence of postzygotic isolation. These results suggest that the premating and
postmating- prezygotic isolation may play an important role in restriction of the gene flow
between the two species.
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Evolution of protein function: the mechanism of egg envelope digestion by fish hatching
enzymes as a model

We investigated the evolution of egg envelope digestion by fish hatching enzymes at a protein
level. According to a phylogenetic tree of fish hatching enzyme genes, two early diverged
groups of Teleostei—the Osteoglossomorpha and Elopomorpha—possess a single type of gene.
Gene duplication occurred before diversification of the Otocephala and Euteleostei, so these
groups now possess two kinds of genes, encoding clade I and clade II enzymes. We examined
the egg envelope digestion mechanisms of several fish hatching enzymes, and suggested that
the ancestral form of teleostean hatching was swelling of the egg envelope produced by a single
enzyme. The clade I enzyme of the Euteleostei swells the egg envelope, conserving the
ancestral function, whereas the clade II enzyme solubilizes its swollen egg envelope, having
acquired a new function. On the other hand, both the Otocephalan clade I and clade II enzymes
simply act to swell the egg envelope. Thus, these enzyme systems are not advantageous, unlike
those of the Euteleostei. We show here how the duplicated gene has gained a new function by
comparing egg envelope digestion mechanisms between the Euteleostei and Otocephala using
cleavage sites on egg envelope proteins and the substrate specificity of the enzymes.
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Molecular Co-evolution of Protease and Proteinaceous Substrate:
Hatching Enzyme and Egg Envelope Protein as a Model System
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Elucidation of co-evolutionary mechanism at the protein level is a goal of molecular
evolutionary study. We attempted to determine the molecular co-evolutionary mechanism of a
protease and its proteinaceous substrate using hatching enzyme and egg envelope protein as a
model system. Hatching enzyme is secreted by embryos and digests the embryonic egg
envelope, enabling hatching. We found that hatching enzymes from medaka (Oryzias latipes)
and killifish (Fundulus heteroclitus) demonstrated species specificity in egg envelope digestion.
We elucidated the amino acid residues responsible for species-specific digestion from both the
egg envelope proteins and hatching enzymes, and proposed a mechanism for the species
specificity. Finally, we reconstructed ancestral teleostean hatching enzymes using a maximum
likelihood method, and generated their recombinant proteins. By observing the activity of the
ancestral enzymes, we inferred evolutionary shift of the substrate specificity of hatching
enzymes. These data lead us to propose that co-evolution of this enzyme-substrate pair was
initiated by substitutions in the enzyme, resulting in altered substrate specificity that allowed
later substitution of the substrate.
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Evolutionary rates in the Cichlid Fishes of the Three Great Lakes in East Africa
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Many endemic cichlid species have evolved in Lakes Victoria, Tanganyika and Malawi, and
their evolution has been affected by the history of each lake. It has been suggested that past
desiccations reduced population size of cichlids in Lake Victoria and thus slightly deleterious
mutations were expected to have fixed in the lake. In contrast, the population size in Lakes
Tanganyika and Malawi seems to have fluctuated less due to more stable water levels of these
lakes. This could cause differences of dn/ds ratios among those cichlids. Here, we estimated
dn/ds ratios at five nuclear and 13 mitochondrial protein coding genes in cichlids of the three
lakes using the maximum likelihood method. We found that cichlids in Lake Victoria had
significantly higher dn/ds ratios than cichlids in the other lakes at five mitochondrial loci. The
slightly deleterious mutation may have contributed to high dn/ds ratios in Lake Victoria
cichlids.
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Mesoamerica has played an important role during the colonization of the American continent as
a way station. It is supposed that there were geographic bottleneck and restricted gene flow
between North and South America. Previous studies suggested that the Mesoamericans have
complicated genetic backgrounds that are different from neither North nor South Americans. In
this study, we determined complete mitochondrial DNA(mtDNA) sequences of 113 unrelated
individuals from 2 indigenous populations of Mesoamerica, including 25 Mazahua and 88
Zapotec. We found that Zapotec is similar to the other Mesoamerican in terms of haplogroup
frequencies and haplotype diversity, nucleotide diversity. On the other hands, Mazahua shows a
different pattern from Zapotec.
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The Andricus mukaigawae complex, gall wasps, is distributed mainly in Japan. It is composed
of cyclically parthenogenetic species, A. mukaigawae (AM) and A. kashiwaphilus (AK), and a
parthenogenetic species, A. pseudoflos (AP). They also differ in host plant, karyotype, and
asexual gall shape though no difference is found in the external morphology of asexual adults.
To understand the speciation history of this species complex, we investigated DNA sequences
in one mitochondrial (mtDNA) and six nuclear intronic (nDNA) regions. The mtDNA data
suggested that they were divided into the northern (AP+Northern AK) and southern (Southern
AM+Southern AK) distribution groups, while the pattern of genetic variation in nDNA was
consistent with the differences in host plants and karyotypes (AK+AP and AM). We discuss
three possibilities to explain this incongruence: 1) Low resolution of nDNA as markers, 2)
Stochastic lineage sorting of ancestral mtDNA polymorphisms, and 3) Introgression of mtDNA
through interspecific hybridization.
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Nucleic acids sequences contain essential information for contemporary phylogenetic analysis.
The emergence of next-generation sequencing (NGS) is yielding a revolutionary impact on the
sequencing technology.
Illumina/Solexa Genome Analyzer is one of the most popular platforms among several NGS
venders. We identified previously unreported sequence specific error profile of the Illumina
sequencers. It explains the mechanism of implicitly recognized problems such as coverage
variance and false SNPs call.
This presentation outlines the newly found sequence-specific errors, discusses the underlying
mechanism of the error and proposes potential countermeasures, in the hope of enhancing the
potential usefulness of the Illumina sequencers.
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Levels and Patterns of DNA Variation in Two Sympatric Mangrove Species, Rhizophora
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The Indo-Malesian region habours the highest mangrove species diversity in the world, but is
also one of the regions with the highest rate of mangrove area loss. Rhizophora apiculata and
R. mucronata represent two of the most commonly occurring mangrove species in Southeast
Asia. To date, few studies have been directed towards understanding the levels and patterns of
their genetic variation. Samples of R. apiculata and R. mucronata were obtained from Thailand,
Indonesia, and the Philippines, and studied using one chloroplast DNA and five nuclear DNA
loci. Low genetic variation was observed in both species, consistent with findings on other
mangrove species. Tajima’s test showed no significant departure from neutrality for the loci
used in this study. Positive FIS values at most of the nuclear loci suggested a deficiency of
heterozygotes in the populations of both species. AMOVA analysis revealed significant genetic
differentiation among populations. The different patterns of genetic differentiation observed in
R. apiculata and R. mucronata suggested that the two species may have different demographic
histories, despite growing sympatrically in Southeast Asia.
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Primates are generally regarded as being vision oriented. However, recent studies have shown
that primates are not necessarily inferior to other mammals in chemical sensitivity. New World
monkeys are polymorphic in color vision and are an excellent model to understand the
importance of chemical sense in relation to vision. We collected fecal DNA, foraging
behavioral data and fruit phenological data from natural populations of capuchins (Cebus
capucinus) and spider monkeys (Ateles geoffroyi) in Sector Santa Rosa, Área de Conservación
Guanacaste, Costa Rica. From these data, we attempted to assess natural selection on the
genetic variation of chemical sensors. We also aimed to identify the chemical substances
relevant for detection and inspection of foods. As an initial step, we focused on bitter taste
receptor genes for the genetic variation study and dry-season fruit species for the odor analysis.
We report our preliminary results in this presentation.
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Why mouse embryonic heart enhancers evolve rapidly?
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Enhancers functioning in numerous mouse tissues at embryonic stage E11.5 have recently been
identified. The most puzzling observation from these experiments is that compared to enhancers
of developing brains or limbs, embryonic heart enhancers have exceptionally weak sequence
conservation during vertebrate evolution. Because it is unknown whether this phenomenon is
due to elevated mutation rates, relaxation of purifying selection, or local genomic
characteristics, such as tissue-specificity of enhancers and properties of the neighboring genes,
the rapid evolutionary rates of heart enhancers is difficult to be interpreted biologically.
Comparing mouse-rat orthologous sequences, we show that, in general, tissue-specific
enhancers are less evolutionarily constrained and enhancers near essential genes or enhancers
near weakly expressed genes tend to be slow evolving. Although embryonic heart enhancers
tend to be not tissue-specific and near highly expressed genes, these biases did not fully
contribute to their high rate of evolution. Using synonymous substitution rates of neighboring
genes as the neutral reference, we found that the rapid evolutionary rate of embryonic heart
enhancers is due to fixation bias (relaxation of purifying selection) rather than mutation bias
(elevated local mutation rates). In addition, genes active at earlier stages of mouse
embryogenesis were found to be more evolutionarily conserved. Our results suggest that heart
enhancers evolve rapidly due to fixation bias directly related to characteristics of the developing
heart. During mouse embryogenesis, heart development begins and ends earlier than brain and
limb development. It is likely that the 2 (ha) 0.2 (t) -41.3 ed relaxation of purifying selection 2n emb
heart enhancers is due to the mild negative fitness effects of mutations acting at a later stage of
organogenesis.
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Prediction of miRNA function during mouse embryonic development
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MicroRNAs(miRNAs) expressed as small non-coding RNAs play an essential role in the
embryonic development. Revealing miRNA function is one of the most important research
subjects in the field of developmental biology. Several experimental methodologies and
bioinformatics programs have been developed to identify the function of miRNA. However, the
task for understanding the miRNA function is still daunting. In the present study, we suggest a
novel method, GAPPS-miRTarGE, predicting method of miRNA function via the analysis of
their target gene expression during mouse embryonic development. The GAPPS-miRTarGE
comprises of three major steps; First step is to collect a good quality of miRNA-miRNA target
pairs. For this purpose, we calculated correlation coefficients for six different miRNA-miRNA
target DBs. Second step is to group miRNA targets. The selected miRNA target genes were
grouped by their gene expression patterns during 28 TS. The third step is to estimate the
function of miRNA by the members of miRNA targets in the same group. Using the GAPPSmiRTarGE, we could confirm well-known miRNA function, but also predict unknown miRNA
function. Furthermore, we applied the GAPPS-miRTarGE to tissue-specifically expressed target
genes such as brain and heart, and showed that the tissue-centered GAPPS-miRTarGE can
predict the miRNA function even at the level of sub-anatomical structures in the embryonic
development.
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Evolution of length diversity in mitochondrial D-loop region among the sharks with
lineage-specific repetitive sequences
Sonoko Kinjo1, Kazuho Ikeo1, Takashi Shiina2, Keiko Tanaka2, Sho Tanaka3, and Tomoyoshi
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We conducted comparative analysis of mitochondrial D-loop region among 17 sharks and rays
with special attention to five species of the hexanchiformes that have tremendously long D-loop
region. While general sharks have relatively shorter and narrow range of D-loop region with
1050-1310 bp long, the species of hexanchiformes have longer and wide range of D-loop
region with 1326 to 3259 bp long. All species of hexanchiformes share a common repeat unit
with 46 bp long and the number of the repeats vary among the species leading to the variation
in D-loop length. We found that the repeat unit in hexanchiformes contains complementary
sequences that might cause DNA slippage during replication and hence lead to the expansion of
sequence length. Indeed, the degree of complementarity, namely number of complementary
base pairs, is correlated with the number of repeats. Based on these results, we will discuss how
length diversity of D-loop region evolved in the sharks.
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Molecular evolutionary analysis of the mating type locus in the isogamous colonial
volvocalean alga Gonium pectorale
Takashi Hamaji1, Patrick Ferris2, James Umen3, Ichiro Nishii4, Yoshiki Nishimura1, Hisayoshi
Nozaki5
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The volvocine lineage is well-suited for a comparative genomic approach to the evolution of
sexual dimorphism for three reasons: 1) Volvocine algae have a range of species that include
isogamous through oogamous species. 2) Genome sequences of oogamous Volvox carteri and
isogamous, unicellular Chlamydomonas reinhardtii are available. 3) The genetic and molecular
basis of mating type differentiation in C. reinhardtii has been well-studied such as the mating
type locus (MT). Here, we have sequenced BAC clones containing the MT region of the
isogamous 8- or 16-celled colonial Gonium pectorale, an intermediate species close to
oogamous organisms in volvocine algae. So far, possible contigs of >400 kb from mating type
minus and >300 kb from plus show that MT in G. pectorale are potentially larger than those in
C. reinhardtii. Synonymous and non-synonymous substitution rates of MT genes between both
mating types among volvocine algae are also discussed.
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Origin and evolution of Primate Orphan Genes: Variable Charge X/Y.
Mineyo Iwase*1, Kim Hielim2, Naoyuki Takahata3 and Yoko Satta 4
1The

Center for the Promotion of Integrated Sciences, The Graduate University for Advanced
Studies (Sokendai), Japan, 2The Pennsylvania State University, U.S.A, 3The Graduate
University for Advanced Studies (Sokendai), Japan, 4Dept. of Evolutionary Studies of
Biosystems, The Graduate University for Advanced Studies (Sokendai), Japan

Variable Charge X/Y (VCX/Y) is primate-specific orphan gene family that is located on X and Y
chromosomes. VCX/Y protein family might be involved in the regulation of ribosome assembly
during spermatogenesis and in the mental impairment of X-linked ichthyosis patients. The
BLAST search for VCX/Y homolog in several mammalian genomes reveals that VCX sequences
are generated from non-coding DNA and that 5’ and 3’ half of the gene has independent origin.
The phylogenetic anal(s) -0.2 (i) 0.2 (s) -0.2 f of the 5’(ha) 0.2 (l) 0.2 (f of t) 0.2 (he) 0.2 ( ge) 0.2 (ne)
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To examine the ongoing changes driven by host – parasite interactions, we have constructed a
coevolution model consisting of Escherichia coli and the lytic RNA bacteriophage Qβ (Qβ) in a
spatially unstructured environment. In coevolution through 54 daily copropagations of the
parasite and its host, E. coli first evolved partial resistance to infection and later accelerated its
specific growth rate, while the phage counter-adapted by improving release efficiency with a
change in host specificity and a decrease in virulence. Whole-genome analysis of E. coli and
Qβ revealed accelerated molecular evolution in comparison with Qβ propagation in this study
and E. coli sole passage reported previously. The results of the present study indicated that,
despite the large difference in mutability of their genomes (approximately one to three orders of
magnitude difference), a host with larger genome size and a lower spontaneous mutation rate
and a parasite with a smaller genome size and a higher mutation rate were capable of changing
their phenotypes to coexist in an arms race.
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Comparative Genomics of Cultural Domesticated Chickens
Atsushi Ogura1, Mengjie Lin1, Tomoyoshi Komiyama2
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Chickens were first domesticated from Red jungle fowl (Gallus gallus gallus) around in
Southeast Asia. Domesticated chickens are currently used for various purposes. Since a long
time ago, chickens may have fascinated the ancient human, not only because of the usefulness
as potential foods but also because of their colorful appearance and characteristic songs.
Fighting cocks, Shamo and long-crowing chicken, Nganakidori are typical examples of
chickens that have been bred for purposes other than foods. The Shamo has much larger and
more aggressive than other domesticated chickens. Naganakidori have been bred for the
purposes of entertainment and appreciation. Therefore, the question arises as to what sides in
these chickens are under selective pressures. We examined genes that are responsible for
aggressiveness and crowing behavior by utilizing aCGH designed from chicken genome with
seven samples of cultural domesticated chicken. From these results, we found that a number of
genes are mutated in cultural domesticated chickens, and those mutations related to cultural
domestication are different from those of broiler and layer.
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Complete clustering of all prokaryotic proteins as a basis of phylogenetic analysis
over the entire prokaryotes
Naoki Sato1,
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Recognition of orthology is a starting point of molecular phylogenetic analysis. Currently, more
than a thousand prokaryotic genomes have been sequenced. The main objective of the present
study is to construct a reasonably good cluster of all 3,916,828 proteins in 1,179 genomes, to
facilitate computational analysis of phylogeny and evolution of genes over the entire
prokaryotes. Ortholog cluster was constructed by the entropy-optimized organism count
(EOOC) method as implemented in the Gclust software [1]. This is a strategy of including at
least one homolog per genome while excluding members of different clusters, to create clusters
of appropriate size. The computation could be successfully performed with the supercomputer
of the Human Genome Center, University of Tokyo, although the memory load was very high.
In total, 186,236 clusters having two or more members were obtained. Analysis of proteins
involved in porphyrin biosynthesis showed various cases of replacement of analogous genes
(unrelated genes having similar functions), suggesting putative horizontal gene transfers.
Reference
[1] Sato,N. (2009) Gclust: trans-kingdom classification of proteins using automatic individual
threshold setting. Bioinformatics 25, 599-605.
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We analysed insertion site specificity of COPIA93/20 retrotransposon family in Arabidopsis
species. A locus of COPIA93 family genes was shown to have active transposability in
hypomethylated Arabidopsis thaliana mutants. This family is increased rapidly in A. thaliana
after when activation occurred. In related species, copy number of COPIA93 and COPIA20, a
similar transposon family, was also increased recently. We previously showed that a group of
this transposon family was found in the core centromere sequence regions. The localization
pattern of the COPIA93 and COPIA20 families were analysed using A. lyrata and other related
species. These COPIA type transposon families consist of about 400 copies and most of them
locate around centromere regions in A. lyrata. This suggests strong insertion preference of
these COPIA type transposon families in Arabidopsis species. PCR using primers specific to
centromeric satellite families also suggest centromere flanked copies in other Brassicaceae
species
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The panorpodid scorpionfly Panorpodes paradoxus, which inhabits mountainous regions, is
known to display a variety of morphological polymorphisms; wing length, body color, wing
color pattern. In particular, the short wing typed individuals only occurred in higher altitude
regions of Northern and Central Japan, and they also exhibit many morphological differences to
the long-winged types: (1) male’s antennae are comparatively long, (2) blackish upper ridge of
‘hypandrium’ is slightly rounded, (3) female’s body color is dark brown, (4) wings have
comparatively more dark spots or regions. Several researchers suggest that this short-winged
type must be a distinct species to Panorpodes paradoxus. So, we conducted a molecular
phylogenetic analysis in order to investigate how these various characteristics were obtained.
Our results indicated that these two wing types could not be differentiated genetically.
Furthermore, these various polymorphic characteristics are shown that have polyphyletic
origins. That is, the short-winged type was polyphyleticly differentiable, and their various
characteristics may be treated as a case of intra-specific “ecomorph” for adaptation to coldness,
strong wind and ultraviolet radiation.
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Intragenomic gene conversion in the evolution of bacterial peptide-chain release factors
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Peptide-chain release factors in bacteria, RF1 and RF2, recognize stop codons, and promote the
release of nascent polypeptides from the ribosomes. RF1 and RF2, which are slightly different
from each other in codon specificity, share apparent sequence similarity, suggesting that they
were separated from each other through a single gene-duplication event. The duplication of RF
genes likely occurred in the ancestral bacterial genome, as all bacteria primarily possess the two
RFs. Although the two RF families are generally expected to take independent evolutionary
paths after the ancestral gene duplication, our maximum likelihood-based test identified
intragenomic conversion between RF1 and RF2 genes in four distantly-related bacterial
lineages so far. For instance, ‘RF1-to-RF2’ and ‘RF2-to-RF1’ gene conversion events likely
occurred in the genomes of Bacteroidetes and Chloroflexi, respectively. Most significantly, the
putative regions involved in the four gene conversion cases appear to be nearly homologous,
indicating these events were severely constrained by the functional and/or structural properties
of bacterial RFs.
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Chromalveolates from the Perspective of an Apicomplexan Alga
Christian Woehle, William Martin, Sven B. Gould
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The first photosynthetic apicomplexan, Chromera velia, was recently added to the otherwise
non-photosynthetic phylum of parasite protists. Apicomplexa are part of the chromalveolate
infrakingdom, which unites a smorgasbord of protists and whose true evolutionary heritage is
still unresolved. Here we present the first detailed EST-based analysis of C. velia in order to
help unravel the chromalveolate enigma. A stringent filtered set of ~3000 proteins was used to
generate clusters with homologs from other species and construct phylogenetic trees and
networks. The phylogenetic positioning of this apicomplexan alga was determined and sets of
phyla-specific proteins extracted. Our results support the phylogenetic position of C. velia as
the missing link between the parasitic Apicomplexa and their photosynthetic, as well as nonphotosynthetic, relatives. Furthermore our results show this alga to harbor genomic evidence
that, barring ancestral polymorphism and phylogenetic artifacts, could support the possibility of
an ancient green alga based endosymbiotic event that occured before the monophyletic
replacement of the photosynthetic organelle by a red alga.
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Sensory and Motor Components in Octopus Brachial Systems:
Connectome and Molecular Architecture
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Octopuses use their flexible arms for walking, crawling, catching prey, and representing
behavioral repertories. The sensory and motor pathways for the arms have been analyzed with
classic reduced silver techniques and single neurotracing methodology. However, it remains
unknown how multi-channel pathways of many arms and suckers are spatially organized in the
brain centers. We demonstrated multicolor antero- and retrograde tracing study to understand
the sensory and motor centers in the Octopus bimaculoides. The axonal pathways are readily
identified with carbocyanine dyes (DiI, DiA, and DiD). We also examined the expression of cell
type specific genes, including octopus islet and hb9 that are expressed in vertebrates and insect
CNS. We found that the brachial pathways are topographically organized in the subesophageal
lobes where candidates of motor neurons enriched genes are expressed. Our findings
demonstrate that in octopus brain as in vertebrate brain, the lower and higher sensory and motor
maps are a characteristic feature.
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The availability of expression assays now permits fairly comprehensive transcriptome profiling.
In addition to providing clues about when and where a gene is expressed, expression databases
allow gene activities to be compared both within members of a gene family and with the
broader genome. Here we present a data mining tool for investigating functional evolution
within a gene family. Our approach integrates expression data spanning multiple tissues,
stimuli, and developmental stages with sequence-based phylogenetics. The phylogenetic
context sheds light on conservation and divergence of expression patterns seen within gene
families. This information, together with co-expression data relative to genes outside the
family, is used to identify trends and pivotal events in a gene family's functional diversification.
We provide example results from the yellow gene family in Apis mellifera. Members of the
family, which includes the major royal jelly proteins, are expressed in multiple tissues and have
functions that are generally poorly characterized. By applying this analysis to publicly available
expression data sets, we can infer instances of functional divergence occurring in the evolution
of this gene family.
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We present a new method for estimating parameters in an isolation-with-migration model based
on site patterns from whole-genome alignments of DNA sequence data. The parameters in the
model are divergence times, migration rates and effective population sizes, and our method
allows for joint estimation of these parameters, using maximum likelihood estimation. We
allow a general time-reversible mutation model.
We calculate the likelihood by using spectral decomposition of the involved rate matrices, and
summing the contributions from all the possible genealogies. Our approach is general, but in
practice, state-space explosion restricts the number of organisms and subspecies in the model.
We have implemented and used the method efficiently on 4 haploid organisms in 2 subspecies,
and provide a simulation study to demonstrate the extent to which the method can successfully
be used for estimation purposes. Second we apply the method on an eastern and a western
gorilla.
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The Mauritian cynomolgus macaque population has experienced a severe founding bottleneck
400 years ago followed by a rapid expansion and a stabilization of the population size about
45,000 animals. Our study is based on the MHC genotyping of a large population sample
(N=750 individuals) by means of 17 microsatellites spread out of the MHC. We reconstructed
the seven most frequent haplotypes (Hrec(0)) assumed to represent the founding haplotypes and
detected the presence of 31% of recombinant haplotypes (Hrec(h)) which result from a variable
number (h) of recombinations between the founding haplotypes. We show that the relative
frequencies of the various classes of haplotypes (Hrec(0) and Hrec(h)) follow a Poisson’s
distribution. From the intensity of this distribution, we estimated the frequency of
recombination per generation (0.004 to 0.008) which was much lower than the one (0.03)
deduced by means of the PHASE software based on the coalescence. We discuss about the
possible causes of the discrepancy between the two estimates.
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The reduction of CD8+ T cell epitopes is one of the common strategies used by viruses to evade
immune detection of their host. We computed the CD8+ T cell epitope density within the
hepatitis B virus proteins and detected the mutations within the epitopes. Our results suggest
that HBV accumulates mutations that reduce the number of epitopes mainly in the highly
expressed viral proteins (core and X), while the polymerase, expressed at low levels, escapes
this process. In the regions with overlapping open reading frames ORF (half of the HBV
genome) we show that mutations lead to the removal of epitopes in the X and surface proteins
even at the expense of the addition of epitopes in the polymerase. The lower epitope
replacement rate in regions with overlapping ORF is compensated by the accumulation of
mutations highly favourable for the transfer between hosts, such as mutations preventing
proteasomal cleavage leading to antigenic peptides.
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A new perspective on sexual conflict related topics: gene duplication, sex-biased
expression and the location of sexually dimorphic traits.
Miguel Gallach and Esther Betrán
University of Texas at Arlington

Intralocus sexual antagonism appears when alleles of a gene are selected in opposite directions
in different sexes. The resolution of this conflict is believed to occur through the evolution of
sex-biased expression. However, this model is under debate because several genomic analyses
reject many of its postulated predictions. In this work, we first summarize these topics under
discussion and review recent theory and data that have prompted us to suggest a new model for
the resolution of intralocus sexual antagonism. We illustrate a model in which the resolution of
this conflict will occur at every step under positive selection and will involve gene duplication
and relocation, introducing hence a new overlooked role for gene duplication. Finally, we
review recent functional data from Drosophila and suggest an explanation for the exclusive
capacity of just a few tissues to generate sex-biased expression.
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How to lie (or not lie) with simulations
David Bryant and Jessica Leigh
University of Otago

Simulations are used extensively throughout all of science, and especially in molecular
evolution and genetics. Simulation experiments are implemented to test complex hypotheses, to
predict future outcomes, to compare competing theories, and to market new approaches. The
difficulty with simulations is that these experiments rely on imperfect models, and these models
typically require specification of multiple model parameters. Model parameters are often
difficult to estimate, or they might vary according to context and application. The standard
approach is to selectively fix some parameters, or perform an exhaustive and exhausting `grid
search' analysis of the parameter space. Both strategies are problematic, and in some cases
misleading. We propose a new approach, one that steals ideas from approximate Bayesians. We
use a form of Markov Chain Monte-Carlo, sampling over the parameter space and conducting
simulations at each point. This leads to an efficient and comparatively objective strategy for
conducting simulation experiments on large parameter spaces. Our approach is illustrated with
applications to phylogenetics, genetic archaeology and epidemiology.
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Asian rice, Oryza sativa, is believed to have been domesticated ~9,000 y ago, although debate
on its origin remains contentious. We infer the demographic history of three strains of Oryza –
wild rice, O. rufipogon, and domesticates, indica and tropical japonica – using a diffusion-based
approximation approach known as DaDi. We calculate the likelihood of demographic models
based on the multi-population allele frequency spectrum from 630 resequenced gene fragments
on chromosomes 8, 10, and 12.
Contrary to previous analyses suggesting independent origins of indica and tropical japonica,
our data support a single origin of domesticated rice, with the domesticates differentiating
shortly after domestication. We find evidence for asymmetric migration towards the
domesticates from rufipogon, with the domesticates having a substantially smaller effective
population size compared to rufipogon. Notably, our conclusion of a single origin model is
robust to the presence or absence of selective sweeps and is insensitive to model specificities
such as the presence of migration and bottlenecks.
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A RAD-tag sampling method for deep level whole genome phylogenies
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The RAD-tag approach to genome characterization facilitates fast and efficient SNP marker
discovery for analyzing populations via next generation sequencing (NGS). The RAD-tag
technique uses standardized restriction enzymes to release representative subsets of small
fragments for detailed genotypic comparisons. In a similar way, type IIB restriction enzymes
can be used to create an equivalent fragment subset for comparison. These enzymes cut on
both sides of their target sites to release uniform fragments roughly 35 bps in length.
Fragments obtained by either method are numerous and essentially arbitrary; hence they
provide an efficient fractional representation of the set of genomes to be compared. We recently
developed a unique fragment comparison algorithm capable of comparing sub-genomic
samples from far less related organisms, extending the evolutionary depth of such comparisons
to hundreds of millions of years. In this study, we tested our proposed method in silico on
multiple subsets of organisms, ranging from single-cell eukaryotes to vertebrates. Our results
indicate that this method can produce accurate phylogenies for organisms separated by more
than 500 million years.
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Origination of new genes is an omportant mechanism genrating genetic innovations. However,
how a newly originated gene acquires functions by integrating into a pathway and results in
adaptively important phenotypes has remained largely unknown. Recently we have
evolutionarily and functionally characterized a number of young genes found in yeast and
Drosophila, including duplicate and de novo
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The Tasmanian devil (Sarcophilus harrisii), the largest remaining carnivorous marsupial in the
world, is under threat of extinction due to a newly emerged and fast spreading contagious
cancer: devil facial tumour disease (DFTD). DFTD tumour cells can overcome immunological
barriers and be transferred between unrelated individual hosts as allografts without inducing
immune rejection. Investigations on the major histocompatibility complex (MHC) class I and II
genes of the devil, which play a central role in disease resistance and graft rejection, have
provided significant insights into this highly unusual disease. Two bacterial artificial
chromosome (BAC) libraries have been constructed for two devils that showed different levels
of susceptibility to DFTD. MHC-positive clones were sequenced and contigs of the devil MHC
regions were assembled and fully characterized. Here, I will present our findings on gene
deletion and sequence variation of Tasmanian devil MHC genes and discuss the role of MHC in
the transmissible cancer.
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Characterization of Evolutionary Conserved Unusually Short Human Introns
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The length distributions of eukaryotic pre-mRNA introns consist of two modes, at ~100-nt and
~2,000-nt. To better understand the narrow distribution of short introns, we obtained data set of
intron lengths of all human genes from annotated transcriptome database (H-InvDB). We
observed that the number of transcripts in each intron drastically increased from 65-nt toward
the shorter mode (83-nt), as previously described. Interestingly, we found intron candidates
shorter than 65-nt threshold (ultra-short range), supported by the existence of multiple
transcripts. Using genome and transcriptome BLAST searches, we finally found that 23 of
them are conserved in length and sequence among closely related species. These 23 candidates
introns, below the 65-nt threshold, share the following tendencies of introns above the 65-nt
threshold; (i) The genes containing short introns often possess various kind of functional
sequences, e.g., the motifs bound by transcription factors in promoter regions. (ii) The GC
contents gradually decrease according to the increasing intron length. These facts support that
these 23 candidates are bona-fide introns despites their outlier in the length distribution.
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Common Fragile Sites (CFSs) are unstable genomic regions that frequently break under
replication stress conditions. Although they are involved in chromosomal rearrangements and
breakages in cancer, their characteristics remain unclear making computational predictions of
their locations a challenge. Here we predicted CFSs and their breakage frequency of CFSs
based on local genomic contexts. We performed the analysis at the whole-genome level
utilizing all known 76 CFSs and compared them with non-fragile regions. Our logistic and
multiple regression models can predict 83% of CFSs and 43% of variability in their breakage
frequency, respectively. Moreover, our models can predict fragile regions in the mouse genome
with 70% success rate. The significant predictors we identified in these models allowed us to
make conclusions about CFS biology and evolution. CFSs are mostly present in G-negative
chromosomal bands. They are enriched in mononucleotide microsatellites and depleted in CpG
islands. Also, CFSs tend to locate away from centromere. Interestingly, highly fragile CFSs
tend to be co-located with evolutionary break points. This information is valuable for predicting
location and studying molecular mechanisms of fragility for CFSs.
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Genome-wide single nucleotide polymorphism (SNP) data have been rapidly growing for
humans in recent years. However, it is getting more difficult to assess if the SNPs cause any
functional differences. We propose to use medaka fish (Oryzias latipes) as a human model for
the functional assay of SNPs because of their (1) large genetic diversity known for wild
populations, (2) complete genome sequence data available, and (3) experimental feasibility
enabling transgenic technologies. In the present study, we focused on SNPs in the cytochrome
P450 gene family as a test case. We conducted a SNP screening for the medaka P450s and
compared the enzyme activity between the alleles using Luciferin-CEE substrate in the insect
S2 cell environment. We found that the P450 SNPs of medaka showed similar enzyme activity
differences with those of humans. The result is promising for the usefulness of medaka as a
model animal for estimating functional differences between human SNP alleles.
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As for the origins of mitochondria and chloroplast which possess unique genomes, their
prokaryotic ancestors have been identified. On the other hand, the identification of the host cell
and the origin of other structures including the nucleus is being debated about the process of
eukaryogenesis. Our phylogenetic analysis and taxon-by-taxon distribution of P-type ATPase
family/subfamily showed that P-type ATPase subfamilies are classified into three categories.
The first group is distributed in all living things. The second group is found in specific
prokaryotes and all eukaryotes. The third group is taxonomical specific and found in only
eukaryotes. Especially, Type4 family that belongs to the third group is considered to have
played an important role to the subcellular compartmentalization of the phospholipid as the
flippase. If it is, we should focus on lipid molecules which are substrates of this enzyme. In this
study, we discuss the relationship between the evolution of lipid synthesis and the process
LECA acquire the endomembrane system based on the molecular evolution of enzymes
involved in synthesis of lipid metabolism.
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Many attempts to resolve the phylogenetic relationships of higher groups of insects have been
made based on both morphological and molecular evidence; nonetheless, most of the
interordinal relationships of insects remain unclear or are controversial. As a new approach, in
this study we sequenced some nuclear genes encoding subunits of DNA polymerase and RNA
polymerase from all insect orders. The predicted amino acid sequences of these proteins were
subjected to phylogenetic analyses based on the maximum likelihood and Bayesian analysis
methods with various models. The resulting trees strongly support the monophyly of
Palaeoptera, Neoptera, Polyneoptera, and Holometabola. Paraneoptera is not supported as a
monophyletic group. The interordinal relationships within Holometabola are well resolved and
strongly supported the sister relationship between the two orders Coleoptera and Strepsiptera,
and that the order Hymenoptera is the sister lineage to all other holometabolous insects. Our
results show that the use of amino acid sequences of these nuclear genes is an effective
approach for resolving the relationships of higher groups of insects.
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A codon substitution model that incorporates the effect of the GC contents, the gene
density and the density of CpG islands of human chromosomes
Misawa Kazuharu
Background: Developing a model for codon substitutions is essential for the analyses of
protein sequences. Recent studies on the mutation rates in the non-coding regions have shown
that CpG mutation rates in the human genome are negatively correlated to the local GC content
and to the densities of functional elements. This study aimed at understanding the effect of
genomic features, namely, GC content, gene density, and frequency of CpG islands, on the rates
of codon substitution in human chromosomes.
Results: Codon substitution rates of CpG to TpG mutations, TpG to CpG mutations, and nonCpG transitions and transversions in humans were estimated by comparing the coding regions
of thousands of human and chimpanzee genes and inferring their ancestral sequences by using
macaque genes as the outgroup. Since the genomic features are depending on each other,
partial regression coefficients of these features were obtained.
Conclusion: The substitution rates of codons depend on gene densities of the chromosomes.
Transcription-associated mutation is one such pressure. On the basis of these results, a model
of codon substitutions that incorporates the effect of genomic features on codon substitution in
human chromosomes was developed.
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Epigenetic modifications triggered in different environments can cause heritable variation in
phenotypic traits, suggesting the importance of epigenetic mechanisms in the diversity and
evolutionary potential of natural populations. A genetic individual (genet) of clonal plants
produces vegetative offspring, and these multiple independent plants (ramets) spread spatially
and survive for a long time. In such plant species, since ramets of a shared genotype are
exposed to various environments, epigenetic variations may play an important role to adapt to
the heterogeneity of habitat environments.
We analyzed spatial epigenetic patterns in a natural population of a clonal plant Cardamine
leucantha by MSAP (methylation-sensitive amplified polymorphism) method. Analyses of 24
DNA-methylation sites showed the existence of multiple epigenotypes in a single genet and the
distinct spatial structure of epigenetic variations. Overall, multilocus epigenotypes were similar
within the same genets, indicating the importance of genetic factors in epigenetic patterns.
States of some methylation loci, however, correlated with the degree of local vegetation cover.
These results suggested that natural epigenetic variation were regulated by genotypes as well as
the micro environments of ramets.

