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Plenary Talks
Friday, July 29, 10:45-12:25 & 14:20-16:00
Miyako Messe 3rd Floor
10:45-11:35 Plenary Talk 1
Dr. Manolo Gouy
Professor, National Center for Scientific Research, Lyon, France
Title: From non-homogeneous evolutionary models to molecular thermometers
Chair: Hiroshi Akashi
Abstract:
It was recently recognized that the effects of environmental temperature on ancestral organisms left genetic footprints that could be
uncovered in extant genomes. These effects allow to define "molecular thermometers" that relate ancestral environmental temperatures to
the composition of ancestral molecules in nucleotides and amino acids. The application of molecular thermometers is therefore determined
by the accuracy of the reconstruction of ancestral molecular compositions. Recent progress in the definition of probabilistic models of the
evolutionary process have improved the biological realism of these models by accounting for the variation of patterns of molecular
evolution among lineages. These new non-homogeneous methods allow to reconstruct ancestral molecular compositions more accurately
than traditional homogeneous methods. Analyses of genomic data using these tools allow to attempt to reconstruct the evolutionary history
of the adaptation to environmental temperatures at the scale of the tree of life.
11:35-12:25 Plenary Talk 2
Dr. Daniel Hartl
Professor, Harvard University, U.S.A.
Visiting Professor, National Institute of Genetics, Mishima, Japan
Title: Evolutionary Epigenetics of the Y chromosome of Drosophila
Chair: Etsuko Moriyama
Abstract:
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The Drosophila Y chromosome is a degenerated, heterochromatic chromosome with few functional genes. It contains multimegabase
stretches of satellite DNA repeats and a handful of protein coding genes that are monomorphic within species. Despite this, variation on the
Y chromosome in D. melanogaster has significant trans-acting effects on expression of hundreds to thousands of genes on the X and the
autosomes. The affected genes have protein products that localize to the nucleus, show nucleic-acid binding activity, and are involved in
transcription, chromosome organization, and chromatin assembly. These include key components such as HP1, Trithorax-like (GAGAfactor), Su(var)3-9, Brahma, MCM2, ORC2, and Inner Centromere Protein. Furthermore, mitochondria-related genes, immune response
genes, and transposable elements are also disproportionally affected by Y-chromosome polymorphism. Y-linked regulatory variation (YRV)
can also be assayed phenotypically through its effects on position effect variegation. More recently we have discovered major effects of Ylinked interspecific divergence (YRD) in contributing to patterns of gene expression divergence. We constructed a series of Y-introgression
lines, in which Y chromosomes from either D. sechellia or D. simulans are introgressed into a common D. simulans genetic background.
Using these Y introgression lines, we assayed genome-wide patterns of gene expression and male reproductive traits in order to compare
heterospecific and conspecific Y chromosomes. We find significant differences in expression for 2.84% of genes we analyzed. Genes
downregulated in males with heterospecific Y chromosomes are significantly biased towards being male-biased and testis-specific, and
these same lines show reduced male fitness. These results imply a significant role for Y/X and Y/autosome interactions in maintaining
proper expression of male-specific genes.
14:20-15:10 Plenary Talk 3
Dr. Shoji Kawamura
Professor, University of Tokyo, Kashiwa, Japan
Title: Evolutionary study of vertebrate color vision: from fish transgenesis to field primatology, and to human variation
Chair: Shintaroh Ueda
Abstract:
Fish and primates are highly polymorphic in color vision, possibly reflecting their remarkably variable light environment. To study the
evolution of their color vision, we have focused on gene duplication and allelic differentiation of their opsin genes.
By using zebrafish as a model fish, we have shown that gene duplications of opsins are accompanied by differentiation of their spectral
sensitivity and spatiotemporal expression patterns in the retina. We have also shown that a similar regulatory mechanism has evolved
independently in fish and primates in which a single regulatory region controls the array of duplicated opsin genes.
5

By examining nucleotide variation of the L-M opsin gene in wild populations of New World monkeys, we have shown that balancing
selection has maintained their remarkable color vision variation. Our behavioral observation has shown that dichromatic monkeys are more
excellent in catching camouflaged insects and can be as good as trichromats in foraging fruits. This has an important implication for the
evolutionary cause of the human color vision variation that mutual benefits among different vision types may play a role.
15:10-16:00 Plenary Talk 4
Dr. Nancy Moran
Professor, Yale University
Title: Back to Basics: Drastic genome reduction in symbiotic bacteria
Chair: Yoko Satta
Abstract:
Among the first broad concepts from the age of whole genome sequencing was the idea of a minimal gene set, based on the reasoning that
all genomes contained a set of core genes required for cellular survival. Indeed, during the first decade of whole genome sequencing,
bacterial genome sizes did appear to reach a limit at about 500 kilobases, or about 500 genes. But recent sequencing of genomes of
symbiotic bacteria has revealed numerous independent cases of far smaller genomes, some with fewer than 200 genes. These sometimes
exhibit other extreme features including extremely rapid sequence evolution, codon reassignments and extreme biases in nucleotide base
composition. The main drivers of these changes are mutation and genetic drift in the context of small genetic population sizes and
asexuality, conditions imposed by the host-restricted symbiotic lifestyle. Not only do these organisms encode few proteins, their highly
derived proteins appear susceptible to misfolding and require large investment in chaperones to preserve functionality. Small genomes
appear to be subject to ongoing erosion through loss of particular genes, though some genes, including some that underlie mutualistic
contributions to hosts, remain essential and are retained. Transfer of bacterial genes to host genomes does not appear to play a substantial
role in enabling genome reduction. However, coadaptation involving genes of the symbiont, of hosts, and sometimes of co-symbionts,
probably facilitates some gene losses. Although these genomes are extremely tiny, smaller than some organellar or viral genomes, they
retain cell-like features and encode critical genes for replication, transcription and translation. They are not models for replication
efficiency, and are likely among the least efficient or robust of bacterial genomes.
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Walter Fitch Student Symposium
Speakers
Nicholas Casewell, Bangor University, UK
Sung Chun, Washington University, USA
Jessica Crisci, University of Massachusetts Medical School, USA
Heather A. Flores, Cornell University, USA
Kerry Geiler-Samerotte, Harvard University, USA
Sara J. Hanson, University of Iowa, USA
Hyunchul Kim, Keio University, Japan
Wenfeng Qian, University of Michigan, USA

Schedule
16:30-16:45 Wenfeng Qian: Genome-wide quantification of antagonistic pleiotropy in yeast
16:45-17:00 Nicholas Casewell: Reconsidering the origin of venom in squamates
17:00-17:15 Heather A. Flores: Evolutionary analysis of the bag of marbles gene elucidates both intraspecific function and the
consequences of interspecific divergence
17:15-17:30 Kerry Geiler-Samerotte: The selective cost of misfolded protein toxicity and a concomitant evolutionary adaptation
17:30-17:45 Hyunchul Kim: Protein evolvability is controlled by transcription-associated mutagenesis responding to the degree of
nutritional stress
17:45-18:00 Sara J. Hanson: Genome and transcriptome analysis of sexual and asexual reproduction in monogonont rotifers
18:00-18:15 Sung Chun: Hitchhiking regions are enriched with deleterious mutations within the human genome
18:15-18:30 Jessica Crisci: On characterizing adaptive events unique to modern humans
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Title: Genome-wide quantification of antagonistic pleiotropy in yeast
Main author: Wenfeng Qian (University of Michigan)
Main author’s current status: Ph.D. candidate
Advisor: Jianzhi Zhang
Abstract: Antagonistic pleiotropy (AP) refers to the phenomenon that, compared to the wild-type allele, a mutation is beneficial to some
traits or in some environments but deleterious to other traits or in other environments. AP was proposed by George Williams more than 50
years ago and has important implications in many areas of biology such as aging, cooperation, and evolution. However, it is unknown how
common AP is, because it has never been systematically examined, especially at the genomic scale. We here quantify the prevalence of AP
in the budding yeast Saccharomyces cerevisiae by measuring the fitness effects of null mutations of ~5000 nonessential genes in multiple
environments, using the high-throughput Illumina-sequencing-based bar-seq method, which is more accurate than the previously used
microarray-based method. These fitness measures were subsequently validated by re-generating null mutations and re-measuring the fitness
in small-scale experiments for a set of selected genes. AP is inferred when a null-mutation improves yeast fitness in some environments but
dampens it in other environments. Surprisingly, under each condition, we observed hundreds of genes for which the null mutation is
beneficial. Yet, no null mutation was found to be beneficial in all conditions examined. Thus, AP is highly prevalent. We found that AP
genes tend not to be lost in evolution, presumably because they are beneficial at least in one environment. We hypothesize that the
prevalence of AP in the genome is due to (1) the lack of beneficial mutations that can resolve AP or (2) insufficient evolutionary time that
yeast has spent in the environments where AP is detected. By measuring the expression levels of AP genes in multiple yeast strains that
have adapted to various environments,we found (2) to be the primary reason why AP is not already resolved. To our knowledge, this is the
first genome-wide quantification of AP in any organism and the abundance of AP revealed here has far-reaching implications for
understanding many evolutionary phenomena such as suboptimal traits, tradeoffs, and genomic imprinting.
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Title: Reconsidering the origin of venom in squamates
Main author: Nicholas Casewell (Liverpool School of Tropical Medicine/Bangor University, UK)
Main author’s current status: Postdoctoral researcher (PhD awarded on 8th August 2010)
Co-authors: Wolfgang Wüster, Robert Harrison, Camila Renjifo & Simon Wagstaff
Abstract: Squamate venoms contain a fascinating functional array of rapidly evolving protein and peptide (toxin) components. Toxins acquire their role in venom
following recruitment from gene families fulfilling ordinary physiological ‘housekeeping’ functions. Toxin evolution is driven by natural selection ura Tm /F1.0o

Title: Evolutionary analysis of the bag of marbles gene elucidates both intraspecific function and the consequences of interspecific
divergence
Main author: Heather A. Flores (Cornell University)
Main author’s current status: Graduate student
Co-authors: Daniel A. Barbash, Charles F. Aquadro
Abstract: Drosophila germline stem cells (GSCs) can both self-renew and differentiate to give rise to oocytes or sperm. The complex
regulation underlying this process makes GSCs the evolutionary target of mutations and pathogens trying to ensure their transmission. We
have shown that multiple genes involved in GSC regulation are experiencing rapid, adaptive protein evolution in Drosophila melanogaster
and the closely related species, D. simulans, suggesting that it is beneficial for these proteins to accumulate amino acid changes. We have
focused on one of these adaptively evolving genes, bag of marbles (bam), to understand the functional consequences of this adaptive
evolution. The best characterized function of bam is initiating GSC differentiation in ovaries. bam also has additional roles in regulating
the number of cyst divisions. We are using interspecies complementation to test whether adaptive evolution of bam has caused detectable
functional differences. Specifically, we have assayed the ability of a bam ortholog from D. simulans to complement the male and female
sterility associated with a bam mutation in D. melanogaster. We have found that the D. simulans bam ortholog can complement male
sterility but fails to fully complement the female sterility in D. melanogaster. The D. simulans

Title: The selective cost of misfolded protein toxicity and a concomitant evolutionary adaptation
Main author: Geiler-Samerotte KA1,2
Author’s current status: PhD candidate in her fifth year of study
Co-authors: Dion MF1, Budnik BA1, Wang SM1, Hartl DL2, Drummond DA1
1FAS Center for Systems Biology, Harvard University, USA
2 Department of Organismic and Evolutionary Biology, Harvard University, USA
Abstract: The distribution of fitness effects of new mutations is central to many questions in molecular evolutionary biology. Most new
mutations within coding sequences interfere with proper folding of the encoded protein, raising the question of how protein misfolding
affects fitness. Theoretical work predicts that a lesser-studied consequence of failed protein folding, the toxicity of misfolded proteins, is
responsible for genome-wide patterns of coding sequence evolution, such as slowed evolutionary rates in high expression genes. Using
budding yeast as a model system, we study whether misfolded proteins present a cellular threat great enough to drive selection to prevent
their production. We approach this question by quantifying the cost that misfolded proteins impose on cell fitness, and by measuring the
sensitivity of cellular defenses to misfolded proteins. To quantify the fitness cost of misfolded proteins, we evaluate the competitive growth
rate defect they impose in exponentially growing budding yeast. Using an experimental design that isolates fitness effects due to misfolded
protein toxicity—competing strains that express folded vs. misfolded variants of a functionally irrelevant protein at equal levels—we
measure a fitness cost that increases linearly with production of misfolded yellow fluorescent protein (YFP). This growth rate disadvantage
reaches 3.2% (+/- 0.3%) when YFP represents ~0.1% of total cellular protein. We also measure fitness costs of similar magnitude imposed
by misfolded variants of several native yeast proteins. Assuming that most misfolded proteins impose similar costs, yeast cells express
almost all proteins at steady-state levels sufficient to expose their encoding genes to selection against misfolding. If so, an evolved response
to low-level protein misfolding might be expected. Indeed, using whole proteome mass spectrometry, we find that when misfolded YFP
represents as few as 1 of every 10,000 (~0.01%) proteins present during exponential growth, yeast cells deploy a cytosol-specific chaperone
complex in response, without mounting a broader stress response. Our experiments demonstrate a clear selective cost of misfolded proteins
and a concomitant evolutionary adaptation: a novel, specific response to misfolding in the cytosol. These results underscore the importance
of incorporating misfolding costs into models of protein evolution.
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Title: Protein evolvability is controlled by transcription-associated mutagenesis responding to the
degree of nutritional stress
Main author: Hyunchul KIM
Main author’s current status: a doctor course student
Co-author: Masaru TOMITA
Abstract: Transcription spontaneously produces single-stranded non-transcribed DNA called transcription bubbles. Depending on
secondary structures formed in transcription bubbles, individual bases spend different time as unpaired state where bases show a high
mutation rate. Recently, transcription-associated mutagenesis is reported to raise protein evolvability under starvation. It is beneficial for
cells suffering starvation but detrimental for actively growing cells. As the level of ppGpp that is an indicator of nutritional stress is
elevated, transcription bubble becomes longer and therefore transcription-associated mutability is changed. Therefore, we hypothesized that
protein evolvability increases as transcription bubble becomes longer. MI is an index to predict relative unpaired time of bases through
transcription. MI depends on the transcription bubble length and was validated with in vivo mutation data of Escherichia coli under
starvation. Firstly, we validated MI with in vivo spontaneous mutation data of E. coli. Then, using a fully sequenced E. coli genome and MI,
we analyzed how protein evolvability varies, as the transcription bubble length varies from 7 nt to 100 nt that cover reported transcription
bubble lengths. Interestingly, when transcription bubble length was 7 nt to 15 nt which is in a range of typically reported transcription
bubble length, MI at fourfold degenerate sites where single base substitution always produce silent mutations was lower than MI at nonfourfold degenerate sites, which indicate low protein evolvability. As transcription bubble becomes longer, MI at fourfold and non-fourfold
degenerate sites becomes low and high, respectively, which indicate high protein evolvability. Our results suggest that genome sequence
has intrinsic information to control protein evolvability responding to the necessity of protein evolvability induced by nutritional stress. Our
results suggest how cells effectively survive while they need high and low protein evolvability in turn in wild.
12

Title: Genome and Transcriptome Analysis of Sexual and Asexual Reproduction in Monogonont Rotifers
Main author: Sara J. Hanson
Main author’s current status: PhD Candidate
Co-authors: Andrew M. Schurko, Claus-Peter Stelzer, David B. Mark Welch, John M. Logsdon, Jr.
Abstract: How sexual reproduction has persisted in nature is an important and unsolved evolutionary question. As cyclical parthenogens,
monogonont rotifers have overcome constraints on the loss of sexual reproduction in order to frequently transition between sexual and
asexual generations. This makes monogononts a powerful system with which to address the maintenance of sex in animals. However, the
molecular nature of meiosis and parthenogenesis in these species is poorly understood. To expand our knowledge of the molecular
mechanisms of monogonont reproduction, we sequenced draft genomes of two distantly related species, Brachionus calyciflorus and B.
manjavacas. We searched the genome of each species for genes involved in meiotic processes, and identified over eighty meiotic gene
homologs, several of which have undergone duplication events specific to the monogonont lineage. In addition, global gene expression
patterns were determined through generation of mRNA-seq libraries from obligate parthenogenetic (OP) and cyclical parthenogenetic (CP)
strains of B. calyciflorus. Quantitative comparison of expression between these libraries revealed several differentially expressed genes
specific to sexual and asexual reproduction in this species. The presence of gene duplications and differential expression between OP and
CP strains is consistent with data from cyclical parthenogenetic arthropod species, suggesting mechanisms for convergent evolution of this
reproductive mode. Furthermore, establishing molecular markers for sex and asex in monogononts will allow for more informed analyses
of our ongoing gene expression studies in ancient asexual bdelloid rotifers, who possess a number of genes specific to meiosis.
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Title: Hitchhiking regions are enriched with deleterious mutations within the human genome
Main author: Sung Chun (Washington University, St Louis, MO, USA)
Main author's current status: Ph.D. student
Co-authors: Justin C. Fay
Abstract: By genetic hitchhiking, positive selection on adaptive mutation can influence purifying selection acting against linked deleterious
mutations so that they can spread or even be fixed in a population. While a number of recent studies have observed disease-associated
polymorphism located within a locus showing signature of recent human adaptation, it remains unclear whether these are random
coincidence or hitchhking of deleterious mutations are indeed frequent in a genome scale. Here, utilizing predictions of deleterious amino
acid polymorphism in the 1000 Genomes Project and database of known disease-associated alleles, we examine whether adaptive mutations
affect the distribution of deleterious mutations in the human genome. Deleterious nonsynonymous polymorphism were predicted applying a
site-specific likelihood ratio test of significant conservation based on multiple sequence alignments of 32 vertebrate species. Consistent with
the hitchhiking model, we find that the ratio of deleterious to neutral amino acid polymorphism is higher in genomic regions that have
experienced hitchhiking events in recent human history. The number of common, disease-associated alleles is also elevated in hitchhiking
regions. Disease alleles within hitchhiking regions have been associated with auto-immune disorders, metabolic diseases, cancers, and
mental disorders. Our results suggest that positive selection has had a significant impact on deleterious polymorphism and may be partly
responsible for the high frequency of certain human disease alleles.
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Title: On characterizing adaptive events unique to modern humans
Main Author: Jessica Crisci (University of Massachusetts Medical School)
Main author’s current status: PhD Student
Co-authors: Alex Wong, Jeffrey M. Good, Jeffrey Jensen
Abstract: Ever since the first draft of the human genome was completed in 2001 there has been much interest in genetic changes that are
uniquely human, which could account for our distinct morphological and cognitive capabilities with respect to other apes. Recently, draft
sequences of two extinct hominin genomes, a Neanderthal and Denisovan, have been released. These two genomes provide a much greater
resolution to identify human-specific genetic differences than the chimpanzee, our closest extant relative. The Neanderthal genome paper
presented a list of regions putatively targeted by positive selection around the time of the human-Neanderthal split (Green RE, et al. 2010.
Science 328: 710-22). We here seek to characterize the evolutionary history of these candidate regions - examining evidence for selective
sweeps in modern human populations, as well as for accelerated adaptive evolution across apes. Results indicate that 3 of the top 20
candidate regions show evidence of selection in at least one modern human population (p <5x10-5), and non-coding human-specific changes
were identified within these 3 regions using the Neanderthal and Denisova genomes. Additionally, 4 genes within the top 20 regions show
accelerated amino acid substitutions across multiple apes (p <0.001), suggesting importance across deeper evolutionary time. These results
highlight the importance of evaluating evolutionary processes across both recent and ancient evolutionary time scales, and intriguingly
suggest a list of candidate genes that may have been uniquely important around the time of the human-Neandertal split.
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Symposium 1: Evolution of modern human
Time and Room: 9:30-12:00, July 27, room C-1
Organizer: Naruya Saitou, National Institute of Genetics, Mishima, Japan
Speakers:
Mark Stoneking, Max Planck Institute of Evolutionary Anthropology, Leibzig, Germany
Partha Majumder, National Institute of Biomedical Genomics, Kalyani, Inida
Jaume Bertranpetit, Pompeu Fabra University, Barcelona, Spain
John Novembre, University of California, Los Angeles, U.S.A.
Yumi Yamaguchi-Kabata, RIKEN Center for Genomic Medicine, Yokohama, Japan
Schedule
9:30-10:00 Bertranpetit: Recombination gives a new insight in the effective population size and the history of the Old World human
population
10:00-10:30 Majumder: The human genetic history of South Asia, with special reference to India
10:30-11:00 Jin- Talk was cancelled
11:00-11:30 Stoneking: Insights into human migration from admixture signals from ancient genomes
11:30-11:45 Novembre: Recombination rates in admixed individuals revealed by ancestry-based inference
11:45-12:00 Yamaguchi-Kabata: Dual genetic structure of the Japanese population based on autosomal SNPs and haplotypes
This symposium is supported by Strategic Research Program of The Graduate University for Advanced Studies (SOKENDAI), Hayama,
Japan
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Recombination gives a new insight in the effective population size and the history of the Old World human population

Marta Melé1,, Asif Javed2,, Marc Pybus1, Pierre Zalloua3, Marc Haber3, David Comas1, Mihai G. Netea4, Oleg Balanovsky5, 6, Elena
Balanovska5, Li Jin7, Yajun Yang 7, RM. Pitchappan8,9, G. Arunkumar9, Laxmi Parida2, Francesc Calafell1, Jaume Bertranpetit1 and The
Genographic Consortium¶
1 IBE, Institute of Evolutionary Biology (UPF-CSIC), Barcelona, Catalonia, Spain
2Computational Biology Center, IBM T J Watson Research, Yorktown, USA
3 Lebanese American University, School of Medicine, Beirut, Lebanon.
4Department of Medicine and Nijmegen Institute for Infection, Inflammation, and Immunity, Radboud University Nijmegen Medical
Center, Nijmegen, The Netherlands.
5 Research Centre for Medical Genetics, Moscow, Russia
6 Vavilov Institute for General Genetics, Moscow, Russia
7 MOE Key Laboratory of Contemporary Anthropology, School of Life Sciences and Institutes of Biomedical Sciences, Fudan University,
Shanghai 200433, China
8 Chettinad Academy of Research & Education, Chettinad Health City, Rajiv Gandhi Salai, Kelampakkam, Chennai, India
9 School of Biological Sciences, Madurai Kamaraj University, Madurai, 625021 India

The number of recombinations can be used to estimate effective population size through the r=4Ner parameter. For the first time, we
directly estimate the number of recombinations by means of a combinatorial algorithm implemented in the IRiS program. We have applied
it to 30 Old World populations to infer their Ne. We have found that Sub-Saharan African populations have Ne that is ~ 4 times greater than
those of non-African populations. Outside of Africa, South Asian populations had the largest effective sizes. Additionally, recombination
diversity correlated with distance out of Africa through a South Arabian, but not a Sinai, route, giving strong insights into the history and
population expansions of anatomically modern humans out of Africa.
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The Human Genetic History of South Asia, with Special Reference to India

Partha P. Majumder
National Institute of Biomedical Genomics
India

South Asia — comprising India, Pakistan, countries in the sub-Himalayan region and Myanmar—was one of the first geographical regions
to have been peopled by modern humans. This region has served as a major route of dispersal to other geographical regions, including
southeast Asia. The Indian society comprises tribal, ranked caste, and other populations that are largely endogamous. As a result of
evolutionary antiquity and endogamy, populations of India show high genetic differentiation and extensive structuring. Linguistic
differences of populations provide the best explanation of genetic differences observed in this region of the world. Within India, consistent
with social history, extant populations inhabiting
northern regions show closer affinities with Indo-European speaking populations of central Asia that those inhabiting southern regions.
Extant southern Indian populations may have been derived from early colonizers arriving from Africa along the southern exit route. The
higher-ranked caste populations, who were the torchbearers of Hindu rituals, show closer affinities with central Asian, Indo-European
speaking, populations.
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Exploring genetic structure of East Asians

Li Jin
Fudan University, Shanghai, China

Talk was cancelled.
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Insights into Human Migration from Admixture Signals from Ancient Genomes

Mark Stoneking
Max Planck Institute of Evolutionary Anthropology, Leibzig, Germany

The past year witnessed the first publication of genome sequences from two extinct hominins, Neandertals and Denisovans. One of the
most interesting results from the analyses of these sequences is that there is a signal of Neandertal admixture in the genomes of all
contemporary non-Africans, and a signal of Denisovan admixture in the genomes of individuals from Papua New Guinea. However, these
conclusions are based on a relatively sparse sampling of human populations; we have augmented the previous data with genome-wide SNP
data from numerous additional populations. I will present the results of analyses of these additional data and the further insights they
provide into the migration history of human populations.
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Recombination rates in admixed individuals revealed by ancestry-based inference
Daniel Wegmann1, Darren Kessner1, Krishna R. Veeramah1, Rasika A. Mathias2, Dan L. Nicolae3,11, Lisa R. Yanek2, Yan V. Sun4, Dara G.
Torgerson5, Nicholas Rafaels6, Thomas Mosely7, Lewis C. Becker2,12, Ingo Ruczinski6, Terri H. Beaty8, Sharon L.R. Kardia 4,13, Deborah
Meyers9,14, Kathleen C. Barnes2,15, Diane M Becker2,12, Nelson Freimer10, John Novembre1
1

Department of Ecology and Evolutionary Biology / Interdepartmental Program in Bioinformatics, University of California, Los Angeles,
CA, USA, 2 Department of Medicine, Johns Hopkins University, Baltimore, MD, USA, 3 Departments of Medicine and Statistics,
University of Chicago, Chicago, IL, USA, 4 Department of Epidemiology, University of Michigan, Ann Arbor, MI, USA, 5 Department of
Medicine, University of California, San Francisco, CA, USA, 6 Department of Biostatistics, Johns Hopkins University, Baltimore, MD,
USA, 7 Department of Medicine, University of Mississippi, Jackson, MS, USA, 8 Departments of Epidemiology, Johns Hopkins University,
Baltimore, MD, USA, 9 Center for Human Genomics, Wake Forest University School of Medicine, Winston-Salem, NC, USA, 10 Center for
Neurobehavioral Genetics, Semel Institute for Neuroscience and Human Behavior,, University of California, Los Angeles, California, USA,
11 On behalf of the Chicago Asthma Genetics (CAG) and Collaborative Study on the Genetics of Asthma (CSGA) consortium, 12 On behalf
of the Genotypic Determinants of Aspirin Response in High-Risk (GeneSTAR) consortium, 13 On behalf of the Genetic Epidemiology
Network of Arteriopathy (GENOA) consortium, 14 On behalf of the Severe Asthma Research Program (SARP) consortium, 15 On behalf of
the Genetic Research on Asthma in the African Diaspora (GRAAD) consortium
Detailed studies of recombination and how it varies depend crucially on the recombination maps. We propose a novel approach for
constructing recombination maps based on the observation of ancestry switch–points along the chromosomes of admixed individuals. his
method provides an alternative to methods based on identifying recombination events in pedigrees or inferring recombination from patterns
of linkage disequilibrium (LD). It requires multi-locus genotype data from a large sample of admixed individuals and from ancestral
populations that gave rise to the admixed individuals. We demonstrate the utility of this approach to infer a high-resolution recombination
map using simulations and by applying it to SNP genotype data from a large sample of human admixed individuals (African-American and
Afro-Caribbean samples). Aside from structurally variable regions, our results show the process of admixture between continental groups
does not substantially disrupt factors controlling recombination rates.
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Dual genetic structure of the Japanese population based on autosomal SNPs and haplotypes

Yumi Yamaguchi-Kabata1, Tatsuhiko Tsunoda1, Natsuhiko Kumasaka1, Atsushi Takahashi1, Naoya Hosono1, Michiaki Kubo1,
Yusuke Nakamura1,2, and Naoyuki Kamatani1
1Center

for Genomic Medicine, Riken, Japan
2Institute of Medical Science, Univ. Tokyo, Japan

Although the Japanese population has a rather low genetic diversity, it appears to have a “dual structure” arising from at least two major
migrations. We recently confirmed the presence of this dual structure (the Hondo and Ryukyu clusters) through principal component
analysis of genome-wide SNP genotypes. Understanding the genetic differences between the two main clusters requires a further genomewide analysis based on a dense SNP set. Here, we determined haplotypes for the Hondo and Ryukyu clusters with 388,591 autosomal
SNPs and estimated the haplotype frequencies. In most genomic regions, the haplotype frequencies in the Hondo and Ryukyu clusters were
very similar. However, in addition to the HLA region on chromosome 6, other genomic regions showed dissimilarities in haplotype
frequency. These regions were enriched for genes involved in immune system, cell-cell adhesion and intracellular signaling cascade.
These differentiated genomic regions between the two clusters likely contain genes responsible for morphological or physiological
differences between the two groups.
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Symposium 2: Gene evolution and phenotypic adaptation
Time and Room: 9:30-12:00, July 27, room S-1
Organizers:
Wen Wang, Kunming Institute of Zoology Chinese Academy of Sciences, China
Manyuan Long, The University of Chicago, U.S.A.
Speakers:
Aoife McLysaght, Trinity College Dublin, Ireland
Liangbiao Chen, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing, China
Josephine A. Reinhardt, University of North Carolina at Chapel Hill, U.S.A.
Chen Siang Ng, Biodiversity Research Center, Academia Sinica, Taipei, Taiwan
Yannick Wurm, University of Lausanne, Switzerland
Qingxin Liu, Laboratory of Developmental Genetics, Shandong Agricultural University, China
Wen Wang (organizer)
Schedule:
9:30- 9:35 Long: Introduction
9:35-10:00 McLysaght: Novel protein-coding genes in mammalian genomes
10:00-10:25 Chen: Escape from adaptive conflict (EAC) as the evolutionary mechanism underlying the evolution of an antifreeze protein
10:25-10:50 Reinhardt: Two extremely rapidly evolving genes function in association with the male germline
10:50-11:15 Wang: Functional and phenotypic effects of newly originated genes
11:15-11:30 Ng: The genetic basis of morphological traits and evolution in chickens
11:30-11:45 Wurm: The genomic region responsible for fire ant social structure
11:45-12:00 Liu: Functional analysis of a conserved transcription factor Apt
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Novel protein-coding genes in mammalian genomes

Aoife McLysaght
Trinity College Dublin, Ireland

Abstract not available
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Escape from Adaptive conflict (EAC) as the evolutionary mechanism underlying the evolution of an antifreeze protein

Cheng Deng, Chi-Hing C, Cheng, Hua Ye and Liangbiao Chen
Institute of Genetics and Developmental Biology
Chinese Academy of Sciences
Beijing, 100101, China

The evolutionary model Escape from Adaptive Conflict (EAC) posits that adaptive conflict between the old and an emerging new function
within a single gene could drive the fixation of gene duplication, whereupon each duplicate can freely optimize one of the functions.
Although EAC has been suggested as a common process in functional evolution, definitive cases of neofunctionalization under EAC are
lacking, and the molecular mechanisms leading to functional innovation are not well understood. We report a clear experimental evidence
for EAC driven evolution of the novel type III antifreeze protein (AFPIII) gene from an old sialic acid synthase (SAS) gene in an Antarctic
zoarcid fish. We found a SAS gene having both sialic acid synthase and rudimentary ice-binding activities became duplicated. In one
duplicate the N-terminal SAS domain was deleted and replaced with a new signal peptide, removing pleiotropic structural conflict between
SAS and ice-binding functions, and allowing rapid optimization of the C-terminal domain to become a secreted protein capable of noncolligative freezing-point depression. This study reveals how minor functionalities in an old gene can be transformed into a novel survival
protein, and provides insights into how the signal peptide that guides the secretion of a protein can be evolved.
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Two extremely rapidly evolving genes function in association with the male germline

Josephine A. Reinhardt
University of North Carolina
Chapel Hill, U.S.A.

Sexual conflict and sexual selection are potent selective forces known to lead to rapid molecular and phenotypic evolution.

We

characterized two Drosophila melanogaster testis-specific genes and found them to be among the most rapidly evolving putative proteincoding genes in Drosophila. These genes are expressed testes-specifically in both larvae and adults, and the male germline is required for
their expression. The rate of sequence divergence in these genes is so great that alignment of orthologs is nearly impossible. Nevertheless,
we found that sequences syntenic to the D. melanogaster CDS in D. yakuba and D. erecta were expressed testis-specifically as in D.
melanogaster whereas surrounding noncoding regions were not expressed. Finally, we found that loss of expression of these genes in D.
melanogaster via RNA interference causes male-specific viability defects. It is typically assumed that genes with both shared ancestry and
conserved function will display a degree of sequence homology. However, these data imply that a lack of sequence conservation does not
always imply a lack of conservation in expression or gene function.
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Functional and phenotypic effects of newly orginated genes

Wen Wang
CAS-Max Planck Junior Research Group, State Key Laboratory of Genetic Resources and Evolution, Kunming Institute of Zoology,
Chinese Academy of Sciences (CAS)
Kunming, Yunnan 650223, China

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
originated young gene. Our results show that a newly originated gene can recruit a new pathway, or become a key upstream regulator of an
important pathway. They thereby result in important phenotypic effects and might have played important roles in the adaptation of the host
organisms.
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The Genetic Basis of Morphological Traits and Evolution in Chickens

Chen Siang Ng 1, Wen-Lang Fan2, Chih-Kuan Chen1, Wensui Lo1, Chi-Tang Mau1, Yu-Ting Lai1, Mei-Yeh Lu1, Hsu-Chen Cheng3, ChihFeng Chen4, Ping Wu5, Cheng-Ming Chuong5, Wen-Hsiung Li1,2,6
1Biodiversity

Research Center
2Genomics Research Center, Academia Sinica, Taipei, Taiwan
3Dept. Life Sciences and 4Dept. Animal Sciences, Nat'l Chung Hsin Univ., Taichung, Taiwan
5Dept. Pathology, Univ. Southern California, Los Angeles, CA 90033, 6Dept. Ecology and Evolution, Unv. Chicago, Chicago, IL

Our goals are to understand the genetic and genomic changes creating the origin and evolution of avian novelties. We have chosen
the Silkie chicken a model for the investigating the genetic basis and evolution of morphological diversity as it has many interesting
phenotypes. We have evaluated genetic features of this domestic chicken breed, including SNP and indel information, by whole-genome
sequencing. We reported more than 5 million SNPs, of which > 60% are novel. Numerous nonsynonymous SNPs and indels were found in
protein-coding regions of more than 7,000 genes. For phenotypic variations in the Silkie, we found that aberrant Wnt and FGF signaling
could initiate ptilopody. We also found that a deletion in the coding region of KRT75 is associated with the peculiar curling of feathers of
the frizzled chicken.
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The genomic region responsible for fire ant social structure

Yannick Wurm1,2, John Wang3, DeWayne Shoemaker4, Laurent Keller1
1University
2Swiss

of Lausanne, Switzerland
Institute of Bioinformatics, Switzerland
3Academia Sinica, Taiwan
4USDA-ARS, USA

Limited relevant information exists to explain how interactions between genes and the environment influence social behavior. The fire ant is
characterized by a remarkable social polymorphism: The presence of one or multiple reproductive queens within a colony is completely
associated with allelic variation at a single Mendelian factor, Gp-9. Furthermore, the Gp-9 b allele is a rare “green beard gene” because b
workers favor the reproduction of b queens by executing queens that do not carry b. This selfish allele is under balancing selection: bb
homozygotes are lethal.

The fire ant genome project focused on a B male. We subsequently sequenced and assembled de novo the genome of a b male. In addition,
we used RADseq to obtain genotypes at over 6,000 loci across the genome for 80 B and 80 b males.

Preliminary analyses reveal that Gp-9 is in complete linkage disequilibrium with more than 3% of the genome. The two haplotypes do not
recombine and show extensive differences in structure and gene content, similar to sexual chromosomes.
29

Functional analysis of a conserved transcription factor Apt

Qing-Xin Liu1, 2 Kazuho Ikeo2 Yasushi Hiromi3 and Susumu Hirose3 Takashi Gojobori2
1Laboratory

2Center

of Developmental Genetics, Shandong Agricultural University, Taian, Shadong, 271018, China
for Information Biology and DNA Data Bank of Japan, National Institute of Genetics, Mishima, Shizuoka 411-8540, Japan
3Department of Developmental Genetics, National Institute of Genetics, Mishima, Shizuoka 411-8540, Japan

The G1 to S phase transition plays an essential role in the initiation of cell differentiation. Cyclin E is a most important regulator of S phase
entry. However, it is unclear how the expression of CyclinE is regulated. In Drosophila, the apontic (apt) gene encodes a bZIP protein that
requires for the development of trachea, heart, head and neural system. To decipher Apontic’s direct regulatory role, we performed a
microarray experiment, revealing a more prominent role in the eye development. Through the combination of evolutionary analysis,
transgenic enhancer-reporter assays, colocalization studies, and phenotypic analyses, we uncovered that Apontic regulates G1 to S phase by
downregulating the expression of Cyclin E. We show that this pathway is essential for eye development in Drosophila. The role of Apt in
the transcriptional regulation of CyclinE might be a conserved function.
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Symposium 3: Compensatory fitness interactions and genome evolution
Time and Room: 13:30-16:00, July 27, room C-1
Organizers:
Hiroshi Akashi, National Institute of Genetics, Mishima, Japan
Tomoko Ohta, National Institute of Genetics, Mishima, Japan
Speakers:
Lin Chao, University of California San Diego, U.S.A.
Hideki Innan, Graduate University for Advanced Studies, Japan
Naoki Osada, National Institue of Genetics, Mishima, Japan
Masaru Iizuka, Kyushu Dental College, Japan
Bin Z. He, University of Chicago, U.S.A.
Chris A. Nasrallah, University of California, Berkeley, U.S.A.
Deepa Agashe, Harvard University, U.S.A.
Schedule:
13:30-13:35 Ohta: Introduction
13:35-14:05 Chao: Evolution of compensatory mutations
14:05-14:35 Innan: The rate of compensatory nucleotide substitution
14:35-14:55 Osada: Compensatory evolution between mitochondrial and nuclear genomes: evidence from primate respiratory chain
complex genes
14:55-15:15 Iizuka: Models of compensatory molecular evolution
15:15-15:30 He: Does positive selection drive transcription factor binding site turnover? A test with Drosophila cis-regulatory modules
15:30-15:45 Agashe: Experimental analysis of the strength of selection on codon usage, and its impact on evolutionary dynamics
15:45-16:00 Nasrallah: Evaluation of phylogenetic substitution models via the population genetics of compensatory evolution in RNA
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Evolution of Compensatory Mutations
Chao L.
University of California San Diego, USA
In any population, two factors determine whether the average fitness of individuals will increase (adaptation) or decrease: the size
of the population and the distribution of mutational effects (i.e., the relative rates and effect sizes of beneficial (or compensatory) and
deleterious mutations). Although it is relatively simple to get quantitative information on population size, it is much harder to gain insight
into the distribution of mutational effects. Very little information exists on the relative rates of beneficial versus deleterious effects, on the
shapes of mutational distributions, or on whether the distributions change over time. Thus, it remains difficult to even speculate whether a
given population will adapt over time. Here, we use laboratory evolution of a bacterial virus to quantify the distribution of mutational
effects. Our results reveal that the average impact of a mutation is approximately constant with respect to fitness, that most mutations have
small effects, and that the rate of compensatory mutation depends on the fitness of the organism. Our study demonstrates the simple, but
perhaps underappreciated fact that mutational effects are dynamic.
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The rate of compensatory nucleotide substitution

Hideki Innan
Graduate University for Advanced Siences, Hayama, Japan

I introduce theoretical treatments of the process of compensatory substitution in a two-locus two-allele model. The model assumes two
alleles at each of the two loci (A and a for the first locus and B and b for the second). The initial state is given such that the AB haplotype is
fixed, and the probability and time of the fixation of a double mutant (i.e., the ab haplotype) are considered. As the fitness of Ab and aB is
assumed to be smaller than that of AB and ab, the double fixation process has to go through a fitness valley. This makes the fixation
probability of a double mutant very low even when selection against Ab and aB is relatively weak. The fixation probability is easily
translated to the rate of compensatory substitution, which is readily applied to data to estimate the intensity of selection.
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Compensatory Evolution between Mitochondrial and Nuclear Genomes: Evidence from Primate Respiratory Chain Complex
Genes

Naoki Osada and Hiroshi Akashi
Division of Evolutionary Genetics, National Institute of Genetics, Japan

Lineage-specific accelerations of protein evolution working in mitochondria have been reported among mammals, which may reflect
Darwinian co-adaptation between mammalian mitochondrial and nuclear genomes for efficient energy production for flying or brain
functions. Mitochondria have several specific genetic features such as lacking recombination, small effective size, and high mutation rate,
which may promote the accumulation of deleterious mutations in a mitochondrial genome. Here, we hypothesize that adaptive evolution in
nuclear-encoded proteins working in mitochondria may compensate weakly deleterious substitutions fixed in mitochondrial-encoded
proteins. We investigated the relationship between the pattern of molecular evolution and the protein structure of the primate cytochrome c
oxidase (COX) complex, which is composed by both nuclear- and mitochondrial-encoded subunits. Occurrences of coupled amino acids
changes on same branches at physically close sites were elevated between mitochondrial- and nuclear-encoded COX subunits.
Furthermore, we show that physically close pairs of codons had more nuclear substitutions preceded by mitochondrial substitutions than the
distant pairs, indicating compensatory evolution accounted for the accelerated evolution of nuclear-encoded COX proteins in primates.
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Models of Compensatory Molecular Evolution

Masaru Iizuka1, Motoshi Ichinose2, and Masasuke Takefu3
1Kyushu

Dental College, Japan
2Chikushi Jogakuen University, Japan
3Saga University,Japan

Compensatory mutations are individually deleterious but harmless in appropriate combinations either at more than two sites within a gene
or on separate genes. Considering that dominance effects of selection and heterodimer formation of gene products may affect the rate of
compensatory evolution, we investigate compensatory neutral mutation models for diploid populations. Our theoretical analysis on the
average time until fixation of compensatory mutations shows that these factors play important roles in reducing the fixation time of
compensatory mutations if mutation rates are not low. Compensatory evolution of heterodimers is shown to occur more easily if the
deleterious effects of single mutants are recessive. Further we introduce the effects of back mutation. It is shown that these effects on the
rate of compensatory molecular evolution is weak unless the mutation rates are high. Finally we estimate the selection intensity of
compensatory molecular evolution using the data of bicoid 3' UTR and WC/WC of Drosophila species.
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Does positive selection drive transcription factor binding site turnover? A test with Drosophila cis-regulatory modules
Bin Z. He1,∗, Alisha K. Holloway2, Sebastian J. Maerkl3, Martin Kreitman1,4
1 Department of Ecology and Evolution, The University of Chicago, Chicago, IL, USA
2 Gladstone Institute, University of California San Francisco, San Francisco, CA, USA
3 Laboratory of Biological Network Characterization (LBNC), École Polytechnique Fédérale de Lausanne, Lausanne, Switzerland
4 Committee on Genetics, Genomics and Systems Biology, The University of Chicago, Chicago, IL, USA
∗ E-mail: hebin@uchicago.edu
Transcription factor binding site(s) (TFBS) gain and loss (i.e., turnover) is a well-documented feature of cis-regulatory module (CRM)
evolution, yet little attention has been paid to the evolutionary force(s) driving this turnover process. The predominant view, motivated by
its widespread occurrence, emphasizes the importance of compensatory mutation and genetic drift. Positive selection, in contrast, although
it has been invoked in specific instances of adaptive gene expression evolution, has not been considered as a general alternative to neutral
compensatory evolution. In this study we evaluate the two hypotheses by analyzing patterns of single nucleotide polymorphism in the
TFBS of well-characterized CRM in two closely related Drosophila species, D. melanogaster and D.simulans. An important feature of the
analysis is classification of TFBS mutations according to the direction of their predicted effect on binding affinity, which allows gains and
losses to be evaluated independently along the two phylogenetic lineages. The observed patterns of polymorphism and divergence are not
compatible with neutral evolution for either class of mutations. Instead, multiple lines of evidence are consistent with contributions of
positive selection to TFBS gain and loss as well as purifying selection in its maintenance. In discussion, we propose a model to reconcile
the finding of selection driving TFBS turnover with constrained CRM function over long evolutionary time.
PLoS Genetics (in press)
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SELECTION ON CODON USAGE AND ITS IMPACT ON EVOLUTIONARY DYNAMICS

Deepa Agashe, D Allan Drummond, Cecilia Martinez-Gomez, Christopher J Marx
Harvard University

Biased codon usage in protein-coding genes is pervasive, whereby amino acids are largely encoded by a specific subset of available codons.
In many cases, codon bias is strongest at evolutionarily conserved residues and favors codons recognized by abundant tRNAs (putatively
“optimal” codons). These patterns of codon usage bias suggest selection for translation speed and/or accuracy. However, our understanding
of the evolution of codon bias is constrained by the paucity of experimental data on functional genes. We show that altering codon usage in
a metabolic gene (fae, encoding formaldehyde activating enzyme Fae) in Methylobacterium extorquens imposes large fitness costs.
Counter-intuitively, while fae alleles encoded entirely by rare codons imposed a 40% decline in fitness, alleles with more frequent
“optimal” codons decreased fitness by up to 90% depending on their location. We also see evidence for epistatic interactions between
codons at various sites within the gene, e.g. functional residues and other sites. These fitness effects arise directly from reduced Fae protein
production in mutants, but were not correlated with transcript properties such as mRNA folding energy and GC content. Although fitness
was partially rescued by fae overexpression from a regulated promoter, the degree of rescue varied across mutants. This indicates that the
physiological mechanism through which codon usage alters fitness also varies by site. Perhaps as a result of this mechanistic variation,
mutants followed different adaptive dynamics as they rapidly increased in fitness during ~250 generations of subsequent evolution.
Interestingly, almost none of the evolved strains have new mutations at the fae locus or its promoter region. Our results thus indicate that
synonymous mutations can fundamentally alter the fitness landscape of functional proteins, resulting in strong selection against relatively
small deviations from wild type codon usage. Although the range of permissible mutations is ultimately bounded by tRNA abundance,
codon bias evolution is likely determined by the relative rates of mutational drift and compensatory mutations.
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Evaluation of Phylogenetic Substitution Models via the Population Genetics of Compensatory Evolution in RNA

Chris A. Nasrallah
Department of Integrative Biology, University of California, Berkeley, USA

Phylogenetic substitution models are necessarily approximations to what has happened at the population level over long periods of time,
and make implicit assumptions about the nature and dynamics of those population processes. The assumptions about substitution dynamics
are different for various models, and so the true dynamics can be used to evaluate the models themselves. Compensatory evolution in
RNA provides an ideal system in which to test these models. Here I use the tremendous amount known about the molecular biology of
RNA structures to create a very realistic model of RNA evolution at the population level, and use the dynamics of this process to evaluate
the appropriateness of different phylogenetic substitution models. Specifically I simulate the evolution of a population of RNA sequences,
in which the fitness of the full haplotype is proportional to the folding free energy of the sequence on its known structure. I describe under
which conditions different models are appropriate and compare results to previous theoretical predictions about the dynamics of RNA
substitution.
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Symposium 4: Symbiosis as the source of evolutionary novelties
Time and Room: 13:30-16:00, July 27, room S-1
Organizers:
Takema Fukatsu, National Institute of Advanced Industrial Science and Technology (AIST), Japan
Nancy Moran, Yale University, New Haven, U.S.A.
Speakers:
John Archibald, Dalhousie University, Canada
Gaelen Burke, The University of Georgia, U.S.A.
Yoshitomo Kikuchi, National Institute of Advanced Industrial Science and Technology (AIST), Japan
Davide Sassera, Universita' degli Studi di Milano, Italy
Naruo Nikoh, the Open University of Japan, Japan
Takema Fukatsu (organizer)
Schedule:
13:30-13:35 Fukatsu: Brief Introduction
13:35-14:00 Archibald: One plus one equals one: secondary endosymbiosis and genome mosaicism in microbial eukaryotes
14:00-14:15 Sassera: The genome of the intramitochondrial bacterium Midichloria and the origin of mitochondria
14:15-14:40 Burke: The genome sequence of Serratia symbiotica, a recently evolved symbiont of aphids
14:40-15:05 Kikuchi: The winnowing in an insect-microbe symbiosis: bean bug selectively takes up a Burkholderia symbiont through
specific gut structure and morphogenesis
15:05-15:30 Fukatsu: Intraspecific polymorphism of obligate symbionts: Insights into diversification and evolution of insect-microbe
mutualistic associations
15:30-15:45 Nikoh: Comparative genomics among the obligate gut symbionts of plataspid stinkbugs, Ishikawaella capsulata
15:45-16:00 Moran: General Discussion
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One Plus One Equals One: Secondary Endosymbiosis and Genome Mosaicism in Microbial Eukaryotes

John M. Archibald
Department of Biochemistry & Molecular Biology, Dalhousie University
Halifax, Nova Scotia, Canada

Endosymbiosis has been a driving force in the evolution of eukaryotic cells. Subsequent to the evolution of ‘primary’ plastids from
endosymbiotic cyanobacteria, photosynthesis has spread across the eukaryotic tree by ‘secondary endosymbiosis’, a process in which a
primary plastid-bearing alga is assimilated by a non-photosynthetic eukaryote. Cryptophytes and chlorarachniophytes are unique among
secondary plastid-containing algae in that the nuclei of their endosymbionts persist in a highly reduced and simplified form—the
‘nucleomorph’. Despite striking similarities in the size and structure of their genomes, the cryptophyte and chlorarachniophyte
nucleomorphs are the product of independent endosymbiotic events involving different endosymbionts (red and green algae, respectively)
and unrelated eukaryotic hosts. In this presentation I will discuss analysis of the recently sequenced nuclear genomes of the cryptophyte
Guillardia theta and the chlorarachniophyte Bigelowiella natans, highlighting the unexpectedly complex ways in which their respective
hosts and endosymbionts have melded at the genetic, biochemical and cellular level.
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The Genome of the Intramitochondrial Bacterium Midichloria and the Origin of Mitochondria

Davide SASSERA1, Nathan LO2, Matteo MONTAGNA1, Francesco COMANDATORE1, Claudio BANDI1
1

Universita' degli Studi di Milano, Italy
2 Sidney University, Australia

The initiation of the symbiosis that gave rise to mitochondria and eukaryotes was a critical event in evolution. Despite genomic insights
into the nature of the free-living mitochondrial ancestor (FMA), key issues remain unresolved. These include how the FMA entered its host,
and the environmental conditions under which eukaryogenesis occurred. We sequenced the genome of Midichloria mitochondrii - a novel,
phylogenetically divergent, member of the Rickettsiales, close relatives of mitochondria. M. mitochondrii is the only bacterium described
capable of invading animal mitochondria. Unexpectedly, we found genes putatively coding for a flagellum and a cbb3 cytochrome oxidase;
such genes are absent from all other examined Rickettsiales. Phylogenomic analyses show that these genes were inherited in a vertical
fashion from the α-proteobacterial ancestor of M. mitochondrii, and indicate that the FMA possessed a flagellum and a cbb3 oxidase. These
novel findings suggest that the FMA played an active, potentially parasitic role in host-symbiont interactions, and was capable of exploiting
the microoxic conditions under which eukaryogenesis presumably occurred.
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The genome sequence of Serratia symbiotica, a recently evolved symbiont of aphids
Burke G. R. 1, Moran N.A. 2
1The

University of Arizona, USA
2Yale University, USA

Serratia symbiotica are bacteria that protect aphids from heat stress, provide some resistance to attack by parasitic wasps, and may
sometimes play a nutritional role. Unlike the ancient, essential amino acid-providing symbiont Buchnera aphidicola, S. symbiotica recently
transitioned from a free-living to a symbiotic lifestyle. Comparison of genomes of ancient bacterial symbionts gives only limited
information about the early stages in the transition from a free-living to symbiotic lifestyle because many changes become obscured over
time. The genome sequence of S. symbiotica from pea aphids reveals the hallmarks of genome reduction observed in ancient symbionts, as
well as the remnants of a genome more typical of free-living relatives. Compared to free-living Serratia genomes, the genome of S.
symbiotica has a reduced size, increased rates of evolution, and exhibits massive decay of genes and many rearrangements. Annotation of
pseudogenes allowed examination of the past and current metabolic capabilities of S. symbiotica, and analysis of mutational patterns. The S.
symbiotica genome provides a rare opportunity to study genome evolution in a recently derived heritable symbiont, and provides a starting
point for elucidation of the molecular mechanisms underpinning its protective effects.
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The winnowing in an insect-microbe symbiosis:
Bean bug selectively takes up a Burkholderia symbiont through specific gut structure and morphogenesis

Yoshitomo Kikuchi1,2
1AIST,

Japan, 2Hokkaido University, Japan

In general, insect-microbe endosymbioses entail vertical symbiont transmission and intimate nutritional interactions. Certainly such
systems as aphid-Buchnera and tsetse-Wigglesworthia endosymbioses have greatly contributed to our understanding of the evolutionary
and genomic aspects of symbiotic associations, but molecular mechanisms underlying the host-symbiont interactions have been largely
unknown, which is mainly due to unculturability of the endosymbionts. By contrast, the bean bug Riptortus pedestris develops quite a
different type of symbiotic system, where the host insect acquires a mutualistic gut bacterium of the genus Burkholderia from the
environment every generation. The symbiont is easily culturable and genetically manipulatable, thereby providing a unique opportunity for
investigating the molecular mechanisms underlying the insect-microbe symbiosis. By making use of symbiont mutagenesis and live
imaging, we have demonstrated that the selective symbiont acquisition is mediated by sophisticated host-symbiont interactions: the host
takes up the symbiont through a narrow junction in the midgut with dynamic morphogenesis, whereas the flagellar motility of the symbiont
is involved in the infection process through the junction.
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Intraspecific Polymorphism of Obligate Symbionts:
Insights into Diversification and Evolution of Insect-Microbe Mutualistic Associations

Takema Fukatsu
National Institute of Advanced Industrial Science and Technology (AIST), Japan

Many insects are obligatorily associated with symbiotic microorganisms in their gut, body cavity or cells. Such obligate symbionts are
essential for survival and reproduction of their hosts by playing important biological roles like provisioning of essential nutrients, and
therefore tend to be conserved within each insect taxon. For example, all tsetse flies are associated with Wigglesworthia endosymbionts, so
are almost all aphids with Buchnera endosymbionts. Meanwhile, although aphids are phylogenetically close to mealybugs, whiteflies and
psyllids, their endosymbionts, Buchnera, Tremblaya, Portiera and Carsonella, are phylogenetically distinct from each other. How has such
the endosymbiont diversity evolved?
Here we report an unprecedented case wherein an insect species consists of local populations associated with distinct lineages of
bacterial symbionts. The symbiont polymorphisms are found not only between the insect populations but also within each of the insect
populations. Experimental studies showed that all the symbionts are essential for their hosts: symbiont elimination consistently resulted in
host mortality. Experimental symbiont transfers revealed that the host-symbiont combinations are functionally exchangeable: mortality of
an insect strain due to curing of its original symbiont can be consistently rescued by transfection with one of the different symbiont
lineages. Furthermore, some of the symbiont lineages are easily culturable in vitro, providing a novel tractable model system for studying
the mechanism and evolution of insect-microbe mutialistic associations.
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Comparative genomics among the obligate gut symbionts of plataspid stinkbugs, Ishikawaella capsulata

Naruo Nikoh1, Takahiro Hosokawa2, Kenshiro Oshima3, Masahira Hattori3, Takema Fukatsu2
1

2National

The Open University of Japan, Japan
Institute of Advanced Industrial Science and Technology, Japan
3The University of Tokyo, Japan

The stinkbugs of the family Plataspidae harbor an obligate bacterial symbiont Ishikawaella capsulata in the posterior midgut. The plataspid
stinkbug Megacopta punctatissima is commonly found in the mainland Japan and has been known as pest of soybean and other crop
legumes. Meanwhile, Megacopta cribraria, distributed across the southwestern islands of Japan, scarcely causes such agricultural problems
in Japan. By experimentally exchanging the symbionts between the pest M. punctatissima and the non-pest M. cribraria, we previously
demonstrated that the pest status of M. punctatissima is determined by the symbiont genotype rather than by the insect genotype. In an
attempt to understand the genetic basis of the pest status and the genome evolution of the gut symbionts, we sequenced the symbiont
genomes from three plataspid stinkbugs, M. punctatissima, M. cribraria and Coptosoma parvipictum. Comparative genomic data unveiled
that the Megacopta symbionts share the same gene repertoire except two genes, which were pseudogenized only in the symbiont of M.
cribraria.
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Symposium 5: Genome evolution: surprises from microbes
Time and Room: 16:30-18:55, July 27, room C-1
Organizers:
Ichizo Kobayashi, University of Tokyo, Tokyo, Japan

Endosymbiosis and gene transfer in evolution, or:
Why does Arabidopsis have thousands of genes from cyanobacteria, but the photosynthetic slug Elysia does not

William Martin
University of Duesseldorf, Germany

There have been repeated claims in the literature that sacoglossan sea slugs from the genus Elysia and its relatives have acquired genes
from plants in order to support their photosynthetic lifestyle. Precedence for such claims comes from studies of gene transferes from
cyanobacteria to the plant lineage (endosymbiotic gene transfer) durign the origin of plastids. Sacoglossan sea slugs are unique in the
animal kingdom in that they sequester and maintain active plastids that they acquire from the siphonaceous algae upon which they feed,
making the animals photosynthetic. Although most sacoglossan species digest their freshly ingested plastids within hours, four species from
the family Plakobranchidae retain their stolen plastids (kleptoplasts) in a photosynthetically active state on timescales of weeks to months.
The molecular basis of plastid maintenance within the cytosol of digestive gland cells in these photosynthetic metazoans is yet unknown
but is widely thought to involve gene transfer from the algal food source to the slugs based upon previous investigations of single genes.
Indeed, normal plastid development requires hundreds of nuclear-encoded proteins, with protein turnover in photosystem II in particular
known to be rapid under various conditions. Moreover, only algal plastids, not the algal nuclei, are sequestered by the animals during
feeding. If algal nuclear genes are transferred to the animal either during feeding or in the germ line, and if they are expressed, then they
should be readily detectable with deep-sequencing methods. We have sequenced expressed mRNAs from actively photosynthesizing,
starved individuals of two photosynthetic sea slug species, Plakobranchus ocellatus Van Hasselt, 1824 and Elysia timida Risso, 1818. We
find that nuclear-encoded, algal-derived genes specific to photosynthetic function are expressed neither in P. ocellatus nor in E. timida.
Despite their dramatic plastid longevity, these photosynthetic sacoglossan slugs do not express genes acquired from algal nuclei in order to
maintain plastid function.
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The evolution of microbial communities infecting humans and other great apes

Howard Ochman
Yale University, New Haven, U.S.A.

Large and complex communities of microbes colonize the mammalian digestive tract at birth and are essential to their hosts’ health. Two
developments have made it possible to answer questions pertaining to the evolutionary dynamics of the gut microbiota: the first is the
refinement of technologies that allow the interrogation of complex microbial communities at unprecedented depths; the second is the

DNA Duplication Associated with Inversion (DDAI) and Domain Movement (DoMo): Two Novel Genome Rearrangement
Mechanisms Discovered through Genome Comparison

Ichizo Kobayashi
University of Tokyo, Japan

Helicobacter pylori genome is plastic and shows geographical divergence. We compared complete genome sequences of Japanese and other
global strains. The East Asian strains differ greatly from the European strains in host-interactions, redox reactions, genome maintenance,
proteome maintenance and epigenetics.
Phylogenetic profiling revealed difference in the repertoire of outer membrane proteins. Their sequence comparison led to discovery of
birth and death of genes through DNA duplication associated with inversion (DDAI), in which duplication of a DNA part in a locus to a
new locus in inverse orientation is accompanied by inversion between the two loci.
Sequence comparison of restriction-modification genes led to discovery of domain movement (DoMo), movement of an amino-acid
sequence between different domains of a protein, which is mediated by recombination at DNA sequences flanking the domain sequences.
Kawai, Furuta, Yahara, Tsuru, Oshima, Handa, Takahashi, Yoshida, Azuma, Hattori, Uchiyama, Kobayashi. BMC Microbiology, 11:104
(2011).
Furuta#, Kawai#, Yahara, Takahashi, Handa, Tsuru, Oshima, Yoshida, Azuma, Hattori, Uchiyama, Kobayashi. PNAS, 108: 1501-1506
(2011) (#: Equal contribution).
Furuta, Kawai, Uchiyama, Kobayashi. PLoS ONE, 6: e18819 (2011).
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Prediction of Human Migration by Helicobacter Pylori

Rumiko Suzuki1, Naruya Saitou2, 3 , Kirill Kryukov2 , Yoshio Yamaoka1
1Oita

University Faculty of Medicine, Japan
Institute of Genetics, Japan
3Graduate University for Advanced Studies, Japan
2National

Helicobacter pylori is a gram-negative bacteria that infects the human gastrointestinal tract. Infection of H. pylori is observed worldwide
about a half of the population. Because H. pylori is majorly transferred by vertical transmission and leads to long-term infection, the
distribution of H. pylori strains correspond well with the distribution of human ethnics. Therefore, migration of human groups can be
predicted from the analysis of multi locus sequence typing (MLST) or the whole genome sequences of H. pylori strains. We collected wide
variety of H. pylori samples from East Asians and aboriginal Americans and reconstructed contig sequences of the genomes. We analyzed
core genes of the bacteria in addition to MLST. While isolations taken form mainland Japan mostly belong to the hspEAsia (East Asian
group), samples from Okinawa islands belong to either hspEAsia or hspAmerind (aboriginal American group). This result suggests that
Okinawa islands might have a different human migration pattern from mainland Japan.
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Extraordinary Genome Stability In The Ciliate Paramecium tetraurelia
Sung W.1, Lynch M.2, Thomas W. K.1
1Hubbard Center for Genome Studies, University of New Hampshire, Durham, NH 03824
2Department of Biology, Indiana University, Bloomington, IN 47405

Mutations are critical to all evolutionary processes, and understanding mutation enhances our knowledge of inheritance, divergence,
and genetic disorders. Here, as a complement to existing research on single and multicellular organisms, we present results on the genomewide rate and molecular spectrum of mutations in the unicellular ciliate Paramecium tetraurelia. After 3300 generations of mutation
accumulation with extreme bottlenecking we identify 29 base substitutions yielding an extremely low spontaneous base substitution rate of
1.94(0.95) × 10-11 per site per generation. However, when the base substitution rate per generation is extrapolated to the rate per sexual
cycle, the latter is comparable to that observed in multicellular species with comparable genome sizes. These results support the idea that
natural selection favors the evolution of the minimum possible germline mutation rate that is compatible with the opposing power of
random genetic drift. Moreover, ciliates show unique modifications to active sites of the major B-family polymerases α, ε, and ζ, which are
integral to DNA fidelity.
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Symposium 6: Molecular bases of speciation
Time and Room: 16:30-19:00, July 27, room S-1
Organizer: Aya Takahashi, National Institute of Genetics, Mishima, Japan
Speakers
Kentaro Shimizu, University of Zurich, Switzerland
Marcy K. Uyenoyama, Duke University, U.S.A.
Kyoichi Sawamura, University of Tsukuba, Tsukuba, Japan
Nori Kurata, National Institute of Genetics, Mishima, Japan
Jun Kitano, National Institute of Genetics, Mishima, Japan
Aya Takahashi (organizer)
Schedule
16:30-16:55 Shimizu: Transcriptomic study of polyploid speciation using Arabidopsis relatives
16:55-17:20 Uyenoyama: Barriers to neutral introgression generated by local adaptation and sex-specific hybrid incompatibility
17:20-17:45 Kurata: Reproductive barriers in rice diversification
17:45-18:10 Kitano: Genomic and functional characterization of a neo-sex chromosome important for stickleback speciation
18:10-18:35 Sawamura: Molecular drive and epigenetics in speciation
18:35-19:00 Takahashi: Association between color and behavior in Drosophila

This symposium is supported by Cooperative Research Program of National Institute of Genetics, Mishima, Japan
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Transcriptomic Study of Polyploid Speciation using Arabidopsis Relatives

Rie Shimizu-Inatsugi1,, Kevin Ng Kit Siong1, Aika Terada2, Jun Sese2,3, Hiroshi Kudoh4, Kentaro K. Shimizu1
1Institute

of Plant Biology, University of Zurich, Switzerland
of Computer Science, Ochoanomizu University, Japan
3Department of Computer Science, Tokyo Institute of Technology
4Center for Ecological Research, Kyoto University, Japan

2Department

Polyploidization, or genome duplication has played a critical role in the evolution of animals, fungi, and plants. Ohno (1970) proposed that
gene and genome duplications were the major driving forces for evolution, since the additional gene copy can freely evolve. In contrast,
Stebbins (1974) proposed that genome duplication retards adaptive evolution since the additional gene copy also can keep its original
function. Although many studies have shown the significance of duplication at the gene level, much less is known about its adaptive
significance in speciation. We have shown that allopolyploidization occurred recurrently in Arabidopsis and its related genus Cardamine,
and that polyploid species appeared repeatedly by the genomic fusion of species from different habitats. Transcriptomic data suggest that
allopolyploid species adapted to fluctuating or intermediate environments by exploiting two gene sets depending on the environments.
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Barriers to Neutral Introgression Generated by Local Adaptation and Sex-Specific Hybrid Incompatibility

Diana Fusco1 and Marcy K. Uyenoyama2
1Computational

Biology and Bioinformatics Program, Duke University, USA
of Biology, Duke University, USA

2Department

Selection in zones of hybridization between species or in structured populations of conspecifics affects neutral gene flow throughout the
genome. We propose a scaling of backward migration rates that explicitly incorporates linkage and selection induced by interspecific
incompatibility or local adaptation. We show that the evolutionary process at neutral sites is well-approximated by a purely neutral process
under these scaled rates.

Among the novel findings is that the magnitude of the reproductive barrier generated by sex-specific

incompatibility differs among genomic regions, even in the absence of physical linkage between neutral markers and targets of selection or
functional epistasis among incompatibility factors. Further, the form of local adaptation affects the nature and magnitude of barriers to
neutral introgression. In particular, overdominance induces much lower barriers than purifying selection, and segregation distortion in
combination with purifying selection can in fact promote neutral introgression. We describe preliminary results suggesting that the joint
distribution of markers across the genome can be used to infer the location and expression of incompatibility factors.

54

Reproductive Barriers in Rice Diversification

Kurata N1,2, Mizuta Y1,2, Kubo T1,2, Harushima Y1,3
1National

Institutute of Genetics, Mishima, Japan
2 Department of Genetics, Graduate University for Advanced Studies (SOKENDAI), Mishima, Japan
3Research Organization for Information and System, Japan

Rice, Oryza sativa, has a various kind of varieties, sub-species and close relative species. Many reproductive barriers have long been
observed in the progenies of crosses between divergent varieties and species. Although several reproductive barriers have been identified
recently in rice, species isolation mechanism and its relation to the evolution of reproductive barriers have not been raveled yet. Among
many reproductive barriers detected in the crosses between O. sativa, indica and japonica, analyses of three systems have been carrying out
in our work. The first one was a pair of reproductive barriers which were duplicated genes located on different chromosomes and loss of
function of each gene in different parents appeared to generate a reproductive barrier in hybrid pollen. The second system, interaction
between a pollen gene and a pistil gene, the barriers contained a rapidly evolving gene that functioned in fertilization process. The third
system of reproductive barriers that caused abnormal ovary development has been almost delimited. Duplication and high variation of gene
structure might be a common nature sheared among reproductive barrier genes.
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Genomic and Functional Characterization of a Neo-sex Chromosome Important for Stickleback Speciation

Jun Kitano1, Takashi Makino2, Katsushi Yamaguchi3, Shuji Shigenobu3, Mitsuyasu Hasebe4, Katie Peichel5, Seiichi Mori6, and Masakado
Kawata2
1Ecological

Genetics Laboratory and PRESTO, National Institute of Genetics, Japan
2Division of Ecology and Evolutionary Biology, Tohoku University, Japan
3Functional Genomics Facility, National Institute of Basic Biology, Japan
4Division of Evolutionary Biology, National Institute of Basic Biology, Japan
5Division of Human Biology,Fred Hutchinson Cancer Research Center, U.S.A.
6Biological Laboratory, Gifu-keizai University, Japan

Sex chromosomes are thought to play special roles in speciation. Although many taxa exhibit rapid turnover of sex chromosomes, we know
little about the link between sex chromosome turnover and speciation. We have recently found that two incipient Japanese threespine
stickleback fishes (Gasterosteus aculeatus) have divergent sex chromosome systems due to chromosomal rearrangement. Our QTL
mapping also demonstrated that both ancestral- and neo-X chromosomes have genes important for speciation. Here, we have conducted
QTL mapping of other species-specific traits and hybrid abnormalities, whole genome transcriptome analysis, and whole genome
sequencing. These studies have demonstrated that ancestral- and neo-X chromosomes diverge in not only characteristics of genome
sequence, but also functional roles in speciation.
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Molecular Drive and Epigenetics in Speciation

Kyoichi Sawamura
University of Tsukuba, Japan

Are there biological generalities that underlie hybrid sterility or inviability? Recently, around a dozen “speciation genes” have been
identified in Drosophila, and the biological functions of these genes are revealing molecular generalities. These include genes encoding
heterochromatin-binding proteins (Hmr, Lhr, and OdsH) and scaffold nucleoporins (Nup96 and Nup160), the latter of which also bind to
kinetochores. Another hybrid inviability locus, zhr, consists of repetitive satellite DNAs. Genes responsible for both hybrid male sterility
and meiotic drive (Ovd and tmy) are known, which is consistent with the centromere drive hypothesis of reproductive isolation. A gene
encoding H3K4 trimethyltransferase (Prdm9) is also responsible for mouse hybrid male sterility. Thus, major cases of hybrid sterility and
inviability seem to result from molecular drive and epigenetics in speciation. Repetitive satellite DNAs within heterochromatin, especially
at centromeres, evolve rapidly through molecular drive mechanisms (both meiotic and centromeric). Chromatin binding proteins, therefore,
must also evolve rapidly to maintain binding capability. As a result, chromatin binding proteins may not be able to interact with
chromosomes from another species in a hybrid, causing hybrid sterility and inviability.
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Association between Color and Behavior in Drosophila

Aya Takahashi 1,2, Toshiyuki Takano-Shimizu 1,2,3
1Department

of Population Genetics, National Institute of Genetics, Japan
of Genetics, Graduate University for Advanced Studies (Sokendai), Japan
3Department of Biological Sciences, Graduate School of Science, The University of Tokyo, Japan
2Department

Natural variations of ecological traits within a species have a potential to cause reproductive isolation as a byproduct. Variation in
pigmentation intensity in adult Drosophila melanogaster is one of these traits that are likely to be involved in thermal regulation, and is also
reported to be associated with non-random mating. The molecular basis of this variation has been attributed to the expression level
variation of the ebony gene in developmental epidermis. This gene codes for an enzyme in the melanin and biogenic amine metabolism
pathways. We quantified the expression levels of this gene in alleles sampled from a natural population. Interestingly, a negative
correlation was observed between the allelic expression level of this gene in brain and that in developing epidermis of the body. This result
suggests that effects of the cis-regulatory mutations of this gene on its transcription in these tissues are not independent. We also found that
knocking-down this gene specifically in glia cells changes the circadian activity pattern and affects the timing of mating.

Thus,

pigmentation and behavior may have had close association during the course of evolution through non-independent transcriptional control
of this gene between epidermis and brain.
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Symposium 7: New approaches in ancient DNA
Time and Room: 9:30-12:00, July 28, room C-1
Organizers:
Johannes Krause, Institute for Archaeological Sciences, University of Tuebingen, Germany
Anna-Sapfo Malaspinas, University of California at Berkeley, U.S.A.
Speakers:
Alan Cooper, Australian Centre for Ancient DNA, Australia
Ludovic Orlando, Natural History Museum of Denmark, University of Copenhagen, Denmark
Christina Adler, The University of Adelaide, Australia
Sriram Sankararaman, Harvard Medical School, U.S.A.
Eric Y. Durand, University of California, Berkeley, U.S.A.
Johannes Krause (organizer)
Schedule:
9:30-10:00 Orlando: Ancient genomes in the next-next generation sequencing era
10:00-10:30 Cooper: Ancient DNA, climate change and the Devil
10:30-10:50 Adler: Ancient bacterial DNA from dental calculus records the impact of diet and cultural change on the evolution of human
pathogens and disease
10:50-11:20 Krause: What makes us human: Insights from sequencing extinct hominin genomes
11:20-11:40 Sankararaman: Dating ancient admixture: the date of gene flow from Neandertals into modern humans
11:40-12:00 Durand: Testing for archaic admixture between closely related populations
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Ancient Genomes In The Next-Next Generation Sequencing Era
Ludovic Orlando1, Aurelien Ginolhac1, Maanasa Raghavan1, Julia Vilstrup1,
Morten Rasmussen1, Kim Magnussen1, Kathleen E. Steinmann2, Philipp Kapranov2, John F. Thompson2, Grant Zazula3, Duane Froese4, Ida
Moltke5, Mathias Stiller6, Beth Shapiro6, Michael Hofreiter7, Khaled A.S. AL-Rasheid8, Wu Kui9, Kaleung Yuen9, Yadan Luo9, Ziaoju
Qian9, Guojie Zhang9, Jun Wang9, M. Thomas P. Gilbert1, Eske Willerslev1.
1

Centre for GeoGenetics; Natural History Museum of Denmark; Copenhagen University, Denmark
2 Applications, Methods and Collaborations; Helicos BioSciences, USA
3 Government of Yukon; Department of Tourism and Culture, Canada
4 Department of Earth and Atmospheric Sciences; University of Alberta, Canada
5 The Bioinformatics Centre; Department of Biology; University of Copenhagen, Denmark
6 Department of Biology; The Pennsylvania State University, USA
7 Department of Biology; University of York, UK
8 Zoology Department; College of Science King Saud University, Saudi Arabia
9 BGI-Shenzen, China

Second-generation sequencing platforms have revolutionized the field of ancient DNA, opening access to complete genomes of extinct
species. However, these platforms are dependent on library construction and amplification and may not reflect the original template
composition as DNA molecules have undergone extensive damage postmortem. Here, we report the results of the first ‘true single molecule
sequencing’ of ancient DNA using the Helicos HeliScope and contrast to the respective performance of Illumina GAIIx. Our results indicate
that the molecular biology tools used to generate ancient DNA sequencing libraries introduce biases, that reduce the efficiency of the
sequencing process and limit our ability to fully explore the molecular complexity of ancient DNA extracts. We demonstrate that simple
modifications to the standard Helicos preparation protocol further increase the proportion of endogenous DNA by 3-fold. These results
suggest that paleogenomes could be sequenced in an unprecedented manner by combining current second- and third- generation sequencing
approaches. We present how we take advantage of these sequencing approaches for sequencing the complete genomes of two Pleistocene
horses. By delivering the genomes of horses before the domestication started, this project aims at identifying the loci that were positively
selected by humans in the process of horse domestication.
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Ancient DNA, climate change and the Devil

Alan Cooper
Australian Centre for Ancient DNA, Australia

Genetic data from ancient and modern populations provides a unique means to analyse the biological impacts of past climate changes,
which is critical for interpreting the likely effects of current trends, and conservation management decisions. Mitochondrial data from large
vertebrate species in Australia and across the Holarctic reveal pronounced genetic impacts of past episodes of climate change, including
periods prior to human presence. We have built detailed Holarctic climate reconstructions for the past 50,000 years, and demonstrate a nonrandom correlation between rapid climate change and major genetic transitions. Within Australia, a wide range of species exhibit reduced
genetic diversity that appears to relate to recent periods of hyper-aridity. These data provide important information about the processes
behind major extinction events, and underlying population structures.
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Ancient bacterial DNA from dental calculus records the impact of diet and cultural change on the evolution of human pathogens
and disease
Adler, C. J.1, Dobney, K D2, Walker, A3, Haak, W1, Bradshaw, C4, Townsend, G5, Kaidonis, J5, Parkhill, J3, Alt, K6 & Cooper, A1.
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of Archaeology, University of Aberdeen, Aberdeen AB24 3UF, Scotland, United Kingdom

Wellcome Trust Sanger Institute, Hinxton, Cambridge CB10 1SA, United Kingdom
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of Dentistry, The University of Adelaide, South Australia 5005, Australia

for Anthropology, Johannes Gutenberg University of Mainz, Mainz, Germany

of Anatomy & Histology, The University of Sydney, New South Wales 2006, Australia

Human diet and health have undergone fundamental changes since the advent of farming in the Neolithic. These included a shift to limited
breadth, carbohydrate-rich diets and sedentary lifestyles compared to previous hunter-gatherers, resulting in a legacy of health issues that
impact modern society. The transition to agriculture is thought to have altered the composition of human associated microbiota, which
represents ~90% of cells in our body. The importance of commensal bacteria in disease causation is increasingly recognised. We have found
that preserved oral bacterial DNA within calcified plaque (dental calculus), present on teeth of archaeological humans, provides a new
genetic record of past health changes. Early European farming communities revealed higher levels of oral microbial diversity than modern
populations. The near-constant composition of oral microbiota between Neolithic and Medieval times parallels the similarity in food
processing technology. Following the Medieval, cariogenic bacteria became dominant, consistent with the advent of refined sugar during
the Industrial Revolution. These results provide evidence for the disruption of co-evolved mutualism between humans and their microbiota
caused by human ecological changes. The findings also have health implications, as the development of treatments for diseases caused by
microbiota requires understanding of their shared evolutionary history with humans.
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What makes us human: Insights from sequencing extinct hominin genomes

Johannes Krause & Neandertal Genome Analysis Consortium
Institute for Archaeological Sciences, University of Tübingen, Germany

A genetic comparison between modern humans and their extinct relatives could both address the relationship between us and them and
offer the possibility to identify genetic changes that happened specifically on the human lineage. Furthermore it may allow identifying and
understanding the evolutionary history of genes and positions in the modern human genome that experienced recent positive selection after
divergence of modern humans and their extinct relatives. Using a combination of high-throughput DNA sequencing technologies and
multiple improvements in ancient DNA retrieval, library construction and targeted library enrichments, the Leipzig laboratory has recently,
in collaboration with several groups, completed a first version of the Neandertal genome as well as a genome sequence of an extinct
hominin discovered in the Altai mountains in southern Siberia named Denisovan. The analysis of both the Neandertal and Denisovan
genome revealed evidence of geneflow between certain modern human populations and both extinct hominins. From the analysis of the
data we were furthermore able to draw conclusion about diversity within and among the extinct hominins and by scanning the human
genome for regions of positive selection using the Neandertal and Denisovan genome, we identified several strong candidate genes
involved in diet, cognitive traits, and skeletal morphology that were potentially selected on the modern human lineage.
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Dating ancient admixture: the date of gene flow from Neandertals into modern Humans
Sriram Sankararaman
Harvard Medical School, Broad Institute of Harvard and MIT
The Neandertal genome shares more alleles with genomes of non-African populations than with sub-Saharan Africans. One scenario that
can explain this is gene flow from Neandertals into modern humans, presumably between 30,000-70,000 years BP 1. An alternative scenario
is “ancient African population structure”1,2, the hypothesis that Neandertal and modern humans originated from the same area in Africa and
that subdivision survived from when Neandertal ancestors and modern human ancestors separated in Africa until the origin of modern
humans. A conservative minimum is that such substructure would be at least 230,000 years old3. To distinguish the African substructure
scenario from the gene flow scenario we try to estimate a date for when Neandertals and modern humans last exchanged genes by
measuring the decay of linkage disequilibrium between pairs of SNPs shared with Neandertals in modern human populations. Challenges to
this approach include that: i) demographic changes since the gene flow can bias these estimates and ii) current genetic maps are likely to be
inaccurate at the scale that is informative (tens to hundreds of kilobases).
We use a statistic that measures the average signed LD between pairs of SNPs separated by a range of genomic distances and construct a
statistical model that permits estimation of the uncertainty of a given genetic map. We show both in theory and using coalescent simulations
that this statistic, coupled with a specific ascertainment scheme and estimates of the map uncertainty, provides accurate estimates of the date
of ancient gene flow under a range of demographic scenarios.
Application of these techniques to SNP data from European populations in the 1000 genomes project shows that ancient structure alone
cannot explain the observed decay of LD. Further work is in progress to improve the precision of our estimates.
1. Green RE et al. (2010) A draft sequence of the Neandertal genome. Science 328, 710‐722.
2. David Reich et al. (2010), Genetic history of an archaic hominin group from Denisova Cave in Siberia. Nature, 468, 1053–1060
3. Hublin JJ (2009) The origin of Neandertals. Proc.Natl Acad. Sci.USA106, 16022–16027.
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Testing for archaic admixture between closely related populations

Eric Y. Durand
University of California, Berkeley, U.S.A.

One enduring question in evolutionary biology is the extent of archaic admixture in the genomes of present-day populations. Here we
present a test for ancient admixture that exploits the asymmetry in the frequencies of the two non-concordant gene trees in a threepopulation species tree. This test was first developed to detect interbreeding between Neandertals and modern humans. We derive the
analytic expectation of a test statistic, called the D-statistic, which is sensitive to asymmetry under alternative demographic scenarios. We
show that the D-statistic is insensitive to some demographic assumptions such as ancestral population sizes, and requires only the
assumption that the ancestral populations were randomly mating. An important aspect of D-statistics is that they can be used to detect
archaic admixture even when no archaic sample is available. We explore the effect of sequencing error on the false positive rate of the test
for admixture, and we show how to estimate the proportion of archaic ancestry in the genomes of present-day populations. We also
investigate a model of subdivision in ancestral populations that can result in D-statistics that indicate recent admixture.

Reference: Durand EY, et al. (2011). Testing for archaic admixture between closely related populations. Molecular Biology and Evolution,
in press
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Symposium 8: Origin and diversification of sensory organs
Time and Room: 9:30-12:00, July 28, room S-1
Organizers:
Atsushi Ogura, Ochanomizu Univetsity, Japan
Katsuhiko Mineta, Hokkaido University, Japan
Speakers:
Hugh M. Robertson, University of Illinois at Urbana-Champaign, U.S.A.
Shozo Yokoyama, Emory University, U.S.A.
Jung Shan Hwang, UCSI University, Malaysia
Hiroaki Matsunami, Duke University Medical Center, U.S.A.
Ikuo Suzuki, National Institute of Genetics, Mishima, Japan
Shigeru Saito, Okazaki Institute for Integrative Bioscience, Okazaki, Japan
Nagayasu Nakanishi, Sars Centre for Marine Molecular Biology, Norway
Ai Kamijo, Ochanomizu University, Tokyo, Japan
Katsuhiko Mineta (organizer)
Schedule
9:30- 9:50 Robertson: Evolution of the insect chemoreceptor superfamily
9:50-10:10 Yokoyama: Mutagenesis, statistics, and adaptive evolution
10:10-10:30 Hwang: Phylum-specific genes give the structural novelties to Cnidarian nematocysts
10:30-10:50 Matsunami: The functional evolution of odorant receptor orthologs
10:50-11:05 Suzuki: Generation program of neocortical layer-specific neurons predates mammalian emergence
11:05-11:20 Saito: Functional evolution of thermosensor TRPV3 channels: opposite temperature sensitivity between mammals and Western
clawed frogs
11:20-11:35 Nakanishi: Evolutonary origin of jellyfish sensory structures, the rhopalia
11:35-11:50 Kamijo: Evolution of eye field transcription factors in a variety of animal phylum
11:50-12:00 Mineta: Evolution of the mammalian auditory system-related genes
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Evolution of the insect chemoreceptor superfamily

Hugh M. Robertson
University of Illinois at Urbana-Champaign, U.S.A.

The insect chemoreceptor superfamily consists of the Odorant and Gustatory Receptors (ORs and GRs), a large repertoire of ligand-gated
cation channels that provide most of the specificity and diversity in insect chemoperception. While their ligands have only been extensively
characterized for the OR family in Drosophila flies and Anopheles mosquitoes, their evolution can be studied using available genome
sequences. These have allowed recognition that the size of these two families varies radically across insects, mostly in reasonable
concordance with the complexity of their chemical ecology. Thus, for example, the human body louse has only about 10 members of each
family, while ants have up to 400 ORs. Two surprises are the large numbers of both ORs and GRs in the red flour beetle Tribolium
castaneum and the jewel wasp Nasonia vitripennis, which suggest that the chemical ecology of these insects is more complex than
anticipated. Genome sequences from related arthropods such as Daphnia, Ixodes, and a centipede reveal the presence of only GRs,
consistent with the idea that the OR family is a relatively recent expansion of an ancestral GR lineage concomitant with the evolution of
terrestriality in insects. Presumably expansions of other GR lineages mediate much of olfaction in instances of independent terrestriality in
other arthropods. Genome sequences of other animals reveal that GRs are present throughout the protostomes, including nematodes,
annelids, and molluscs, and even in basal animal lineages like cnidarians and placozoans. This gene family was present in basal chordates,
but has been lost from most chordates and all vertebrates, where large families of GPCR have instead filled these roles.
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Mutagenesis, Statistics, and Adaptive Evolution
Shozo Yokoyama
Department of Biology, Emory University, Atlanta, GA 30322, USA

Natural selection has played an important role in determining various phenotypes, but molecular mechanisms of phenotypic adaptation are
not well understood. The slow progress is consequence of mutagenesis experiments using modern DNA sequence and the limited scope of
statistical methods used to detect adaptive evolution. To appreciate fully phenotypic adaptation, the precise roles of adaptive mutations
during phenotypic evolution must be elucidated by engineering and manipulating ancestral phenotypes.

Experimental and quantum

Phylum-specific Genes Give the Structural Novelties
to Cnidarian Nematocysts

Jung Shan Hwang
Faculty of Applied Science, UCSI University, No.1, Jalan Menara Gading, UCSI Heights, 56000 Cheras, Kuala Lumpur, Malaysia

The phylum Cnidaria includes a diverse group of animals with more than 10,000 species including jellyfish, sea anemone, sea pens,
hydroids, corals and etc. All cnidarians produce a specialized cell type – nematocyte that is capable of ejecting a tubular capsule
(nematocyst) upon the stimuli. Evolution offers a variety of nematocysts in Cnidaria: many such as atrichous isorhiza and spirocyst have no
armored spine, and others such as eurytele and stenotele are structurally elaborate (a dilated tubule and big spines). Several nematocystspecific genes involved in the structural novelties of nematocyst are investigated in our study. One of them codes for Nematocilin that
involves in the formation of sensory apparatus of nematocyst and gives the stiffness to the structure. Interestingly, Nematocilin is not found
in anthozoans and some hydrozoans, and could have newly emerged in Cnidaria after the divergence of Anthozoa. Another gene which
codes for the tubule protein named Nematogalectin is involved in the tandem duplication. As a result, the alternative spliced isoforms of
Nematogalectin play a role in the morphological diversification of nematocysts in medusozoans. In summary, genes emerged in ancestor of
Cnidaria (phylum-specific) and those emerged in each sublineage of Cnidaria (lineage-specific) evolved diversity of nematocyst structure
and function.
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The Functional Evolution of Odorant Receptor Orthologs

Kaylin Adipietro, Joel Mainland, and Hiroaki Matsunami
Duke University, USA

In evolutionary genomics, it is generally assumed that orthologs retain the same function in related species. However, this assumption
remains largely untested. The odorant receptor (OR) repertoire is an attractive model to study functional evolution of orthologs because the
ORs has been subjected to rapid evolution with extensive gains and losses between species.

Using human ORs with known ligands, we identified 18 OR orthologs from chimpanzee and rhesus macaque. Similarly, we identified 17
mouse-rat orthologous pairs. These ORs, cloned into a mammalian expression vector, were transiently transfected into heterologous cells
and functionally characterized. We created dose-response curves to compare the function between orthologs and found evidence of
functional changes across the majority of OR orthologs. Over 80% of primate ortholog pairs as well as rodent ortholog pairs showed
differences in receptor potency (EC50) and/or efficacy (dynamic range).

Our results suggest that orthology does not accurately predict OR function even in closely related species. While we do not know what
impact this has on the behavior of an animal, we speculate that the functional changes of orthologs occurred to meet species-specific
demands.
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Generation Program of Neocortical Layer-specific Neurons Predates Mammalian Emergence

Ikuo K Suzuki1,2, Takashi Gojobori2, Tatsumi Hirata1
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The neocortical lamination is the common foundation for complex information processing in mammals. Each layer consists of similar
neurons; deep layer (DL) neurons project to the extra-cortical targets, whereas upper layer (UL) neurons make intra-cortical connections.
Contrary to the conserved neocortical lamination among the mammals, non-mammalian amniotes have totally different structures. A
longstanding question has been the phylogenetic process that innovated the layer-specific neuron subtypes and their layered arrangement in
the mammalian neocortex. Here we show that the chick and turtle neocortical regions possess both DL and UL subtypes. These two
subtypes are derived from different neural progenitor cell (NPC) populations in the medio-laterally separated domains. In spite of this
selective production in vivo, the medial and lateral NPC populations are both multipotent in vitro, similar to the mammalian NPCs. This
indicates that the local environment in the chick brain restricts the NPC potential, which otherwise are multipotent intrinsically. Our results
propose an evolutionary scenario that the last common ancestor of amniotes had already acquired the potential to sequentially produce
layer-specific neurons.
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Functional Evolution of Thermosensor TRPV3 Channels: Opposite Temperature Sensitivity Between Mammals And Western
Clawed Frogs
Shigeru Saito1, Naomi Fukuta1, Ryuzo Shingai2, and Makoto Tominaga1,3
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TRP channels serve as thermosensors, thus intriguing targets for understanding thermal adaptations. TRPV3 is activated by warm
temperature as well as several chemicals in mammals. To examine the functional evolution, we cloned TRPV3 from western clawed (WC)
frog and green anole lizard and found that both terminal regions of WC frog TRPV3 were highly diversified from those of amniote
TRPV3s. Green anole TRPV3 responded to several chemicals that activate mammalian TRPV3, while WC frog TRPV3 was activated by
only one kind. Surprisingly, WC frog TRPV3 was not activated by heat, but instead was activated by cold temperatures that were slightly
below the lower temperature limit for them. Thus, TRPV3 acquired opposite temperature sensitivity to detect environmental temperatures
suitable for WC frog and mammals, respectively, indicating that thermosensors can dynamically change their properties to adapt to thermal
environments during evolution.
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Evolutonary origin of jellyfish sensory structures, the rhopalia

Nagayasu Nakanishi1 and David K. Jacobs2
1Sars

Centre for Marine Molecular Biology, Norway
of California, Los Angeles, USA

2University

In Cnidaria (sea anemones, corals and jellyfishes), the medusae of Scyphozoa (“true jellyfish”) and its sister-group Cubozoa (box jellyfish)
uniquely possess sensory structures --the rhopalia-- at their bell margin. We examined mRNA expression patterns in the scyphozoan Aurelia
sp.1 during rhopalial development; the genes investigated include OTX, SIX, EYA, and POU genes known to function in cephalar neural
organization and sensory structure development across Bilateria. Our results show that OTX expression defines the oral neuroectodermal
domain of the larval medusa, from which the rhopalial nervous system develops. Within the developing rhopalia, SIX1/2 and EYA genes
are co-expressed, and distinct populations of POU-IV- and POU-I-expressing sensory cells differentiate. Thus, despite the unique attributes
of rhopalial evolution, we suggest that the development of scyphozoan rhopalia involves similar patterns of differential expression of genes
that function in bilaterian cephalic sensory structure development. We propose that rhopalia evolved from preexisting circum-oral sensory
structures, which, during development, expressed SIX and EYA and generated distinct populations of sensory cells differentially expressing
POU genes within the OTX neuroectodermal domains.
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Evolution of Eye Field Transcription Factors in a Variety of Animal Phylum

Ai Kamijo, Kei Yura, Atsushi Ogura
Ochanomizu Univ.

A common ancestor of the current animal phyla appeared by the Cambrian explosion. In “light switch theory” hypothesis, the Cambrian
explosion is presumably caused by the acquisition of eyes. The theory tells that predator-prey relationships changed dramatically due to the
acquisition of eyesight by the predators, and that preys started to evolve in various forms by selection pressure. If the theory is correct,
genes related to eye formation have been drastically changed in the era of the Cambrian explosion.
Eye Field Transcription Factors (EFTFs) are known to function in morphogenesis of eyes. We therefore searched for EFTFs in all the
available genome sequences of animal phyla and examined phylogenetic relationships to estimate the evolutionary process of EFTFs. We,
then, deduced the possible ancestral sequences of EFTFs and predicted the protein three-dimensional structures to find functionally critical
changes in amino acid residues. We found that the whole EFTFs were established in the genome of the common ancestor of vertebrates. We
also found that the DNA-binding domains of EFTFs were generally better conserved than other domains of EFTFs.
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Evolution of the Mammalian Auditory System-Related Genes

Katsuhiko Mineta, Koya Kato, Koji Matsumoto, Toshinori Endo
Graduate School of Information Science and Technology, Hokkaido University

Mammalian auditory system has a wide variety of the hearing ranges and thresholds among species. Therefore, the system is of our great
interest especially from the viewpoint of mammalian evolution. To reveal how these functions evolved in the mammalian auditory systems,
we focused on the two distinct types of genes for an auditory system; (1) non-syndromic deafness related genes and (2) developmental
process of hair cell related genes. To estimate the sequence variability among mammals, we compared the branch lengths of 54 nonsyndromic deafness-related genes from the common ancestor of mammals. Consequently, we found that SLC26A5 and CCDC50 on the
lineage toward placentals had twice faster than the lineage toward therians. We also confirmed that those genes expressed only on outer hair
cells between two types of hair cells in mammal. Thus, these results suggested that the outer hair cells might have a key role in a
mammalian evolution of the auditory system such as an innovation in cochlear amplification. On the other hands, developmental process of
hair cell-related genes showed a clear tendency that the genes in aquatic animals rapidly evolved than those in terrestrial animals,
suggesting the possible adaptation on hair cells toward the aquatic environment.
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Symposium 9: Evolutionary systems biology
Time and Room: 9:30-12:00, July 28, room S-2
Organizer: Jianzhi George Zhang, University of Michigan, U.S.A.
Speakers
Alan Moses, University of Toronto, Canada
Allan Drummond, Harvard University, U.S.A.
James J. Cai, Texas A&M University, U.S.A.
Ryan Gutenkunst, University of Arizona, U.S.A.
Jean-François Gout, Indiana University, U.S.A.
Hisakazu Iwama, Kagawa University, Japan
Jianzhi George Zhang (organizer)
Schedule
9:30-10:00 Moses: Evolution of post-translational regulatory networks
10:00-10:30 Drummond: Natural selection and the fidelity of protein synthesis
10:30-11:00 Zhang: Gene expression noise and evolution
11:00-11:15 Iwama: MicroRNA networks alter to conform to transcription factor networks adding redundancy and reducing the target gene
repertoire for coordinated regulation
11:15-11:30 Cai: Broker genes in human disease
11:30-11:45 Gutenkunst: Protein domains with greater influence on network dynamics evolve more slowly
11:45-12:00 Gout: The mechanisms and evolutionary roles of nonsense-mediated mRNA decay in C. elegans
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Evolution of post-translational regulatory networks

Alan Moses
University of Toronto, Canada

Large scale functional data on gene regulation and signaling pathways has enabled systematic analysis of the regulatory networks that
underlie many complex cellular processes. It is now possible to study the evolution of regulatory networks at the molecular level, and
several paradigmatic patterns of evolution have been observed. Research has focused mostly on the regulation of transcription, but recently
we and others have begun extending these studies to post-translational regulation, such as protein phosphorylation. Fascinatingly, similar
patterns of evolution are observed at multiple levels of regulation, suggesting that there are general patterns of regulatory network
evolution. These observations have also enabled us to develop new methods to systematically identify sequences that control protein
regulation. Based on our evolutionary analysis, we believe that there are 100s of previously unrecognized post-translational regulatory
motifs in unstructured regions of proteins.
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Natural selection and the fidelity of protein synthesis

Michael F. Dion, Eric J. Solís, Bogdan A. Budnik, Kerry A. Samerotte,
Edo M. Airoldi, and D. Allan Drummond
Harvard University, USA

Conversion of genetic information into proteins by transcription and translation—protein synthesis—is thought to have an error rate
roughly six orders of magnitude higher than replication. Bioinformatic studies show that codons that are predicted to be more accurately
translated appear at high frequency in high-expression genes and at conserved amino acids, places where errors would impose greater costs.
Yet modern efforts to measure error frequencies typically target a single codon, often in a heterologous gene. I will describe our ongoing
efforts to globally quantify protein synthesis errors using high-performance liquid chromatography coupled to tandem mass spectrometry.
Analysis of purified proteins and the whole proteome of budding yeast reveals that error frequencies vary widely between synonymous
codons and up to two orders of magnitude between non-synonymous codons. Higher-expression proteins tend to be encoded using moreaccurate codons, direct evidence that selection on codon usage favors increased translational accuracy. Our results confirm the sloppiness of
translation in vivo and offer a surprising view of molecular diversity within cells and clonal populations.
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Gene Expression Noise and Evolution

Jianzhi Zhang
University of Michigan, USA

Gene expression noise is a universal phenomenon across all life forms. Although beneficial under certain circumstances, expression noise is
generally thought to be deleterious. But neither the magnitude of the deleterious effect nor the primary mechanism of this effect is known.
We model the impact of expression noise on the fitness of unicellular organisms by considering the influence of suboptimal expressions of
enzymes on the rate of biomass production and the energy cost associated with imprecise amounts of protein synthesis. Our theoretical
modelling and empirical analysis of yeast data show that expression noise reduces the mean fitness of a cell by at least 25% and this
reduction cannot be substantially alleviated by gene over-expression. Expression noise also generates fitness variation among isogenic cells,
which lowers the efficacy of natural selection similar to the effect of population shrinkage. Thus, expression noise renders organisms both
less adapted and less adaptable. Because expression noise is only one of many manifestations of the stochasticity in cellular molecular
processes, our results suggest a much more fundamental role of molecular stochasticity in evolution than is currently appreciated.
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MicroRNA Networks Alter to Conform to Transcription Factor Networks Adding Redundancy and Reducing the Target Gene
Repertoire for Coordinated Regulation

Hisakazu Iwama1, Hitomi Imachi2, and Koji Murao3
1Life

Science Research Center and Faculty of Medicine, Kagawa University, Japan
2Division of Endocrinology and Metabolism, Dept. of Internal Medicine, Faculty of Medicine, Kagawa University, Japan
3Dept. of Advanced Medicine, Faculty of Medicine, Kagawa University, Japan

MicroRNAs (miRNAs) and transcription factors (TFs) are known to coordinately function in gene regulation. To reveal what different roles
miRNA and TF networks have taken in the evolution of their coordinated regulations, we focused on composite feedforward circuits
(cFFCs) each of which is constituted of an miRNA and a TF, based on the genome-wide prediction of conserved TF biding and miRNA
target sites. We compiled two matrices each representing the miRNA and TF networks, and subsequently compared those matrices with
randomized matrices or networks in a degree-preserving manner. As a result, we found that miRNA regulatory networks changed their
configuration such that they conformed to the stable TF regulatory networks with an increased circuit redundancy and a marked reduction
in the number of cFFC-targeted genes. We also revealed the increase in redundancy is preferentially attributable to miRNA network
alterations.
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Protein Domains With Greater Influence On Network Dynamics Evolve More Slowly

Brian K. Mannakee1, Ryan N. Gutenkunst2
1Biochemistry,
2Molecular

University of Arizona, USA
and Cellular Biology, University of Arizona, USA

A fundamental question for evolutionary biology is why different proteins evolve at dramatically different rates. In particular, it is
controversial to what degree the functional importance of a protein affects its evolutionary rate, in part because importance can only be
experimentally measured crudely, using knock-outs. Here we leverage biochemically-detailed systems biology simulation models to
measure importance much more finely. We define dynamical influence as the integrated sensitivity of network dynamics to changes in the
rates of reactions each domain of a protein participates in. We show that protein domains with greater dynamical influence evolve more
slowly, suggesting that functional importance does indeed affect protein evolutionary rate. We also show that dynamical influence and
knock-out essentiality are not strongly correlated, suggesting that many cellular reactions are essential to life but have little quantitative
effect on fitness. More broadly, our work shows that detailed simulation models can offer insight not only into how a system functions, but
also how it evolves.
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The mechanisms and evolutionary roles of nonsense-mediated mRNA decay in Caenorhabditis elegans

Jean-François Goût, Chris Hemmerich, James Pease, JaeHong Shin and Michael Lynch
Indiana University, USA

Gene expression is a complex process, and errors occurring at any step from transcription to translation can result in the production of
aberrant proteins. Therefore, most organisms have evolved mechanisms to monitor the quality of their mRNAs. Nonsense-mediated mRNA
decay (NMD) is a surveillance mechanism present in most eukaryotes that selectively degrades mRNAs harboring premature termination
codons (PTCs). To better characterize the evolutionary role and mode of action of NMD, we analyzed previously published transcriptomic
data for wild-type and nonsense-mediated decay-defective Caenorhabditis elegans (Ramani et al. (2009) Genome Biology, 10:R101). We
focused our analysis on transcribed pseudogenes, assuming that they encode erroneous proteins and therefore will be targeted by NMD. We
found that a significant proportion of pseudogenes are transcribed and that most of the pseudogene-derived mRNAs are degraded by NMD.
This could have important consequences for our understanding of how and why NMD evolved in eukaryotes. Moreover, by analyzing the
characteristics of NMD-degraded mRNAs, we also gain insights on the mechanisms of PTCs recognition by NMD in C. elegans.
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Symposium 10: Evolution of genome structure
Time and Room: 13:30-16:00, July 28, room C-1
Organizer: Takashi Gojobori, National Institute of Genetics, Mishima, Japan
Speakers
Giorgio Bernardi, Rome 3 University, Italy
Laurent Duret, CNRS, University Lyon, France
Toshimichi Ikemura, Nagahama Institute of Bio-Science and Technology, Japan
Hideyuki Tanabe, The Graduate University for Advanced Studies (SOKENDAI), Japan
Satoshi OOta, RIKEN Bioresource Center, Japan
Ashley Byun, Fairfield University, U.S.A.
Schedule
13:30-13:35 Gojobori: Introduction
13:35-14:05 Bernardi: Isochores: structure, function and evolution
14:05-14:35 Duret: The dynamics of recombination hotspots in the human genome: insights from ancient DNA
14:35-15:05 Ikemura: Visualization of genome signatures with BLSOM and its application to eukaryotic and viral genomes
15:05-15:25 Tanabe: Role of spatial positioning of chromosome territories in the genome evolution
15:25-15:45 OOta: An alternative framework for studying the isochore evolution: the temporal mutation rate model
15:45-16:00 Byun: A 94 genome survey of the evolution of eukaryotic duplicate genes
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The Dynamics of Recombination Hotspots in the Human Genome: Insights from Ancient DNA
Yann Lesecque, Dominique Mouchiroud, Laurent Duret
Laboratoire de Biométrie et Biologie Evolutive, CNRS, Université Lyon 1, France

Recombination events are not uniformly distributed in the human genome, but occur essentially in hotspots. The position of recombination
hotspots evolves very rapidly: despite considerable sequence similarity between human and chimpanzee genomes, their hotspots are located
at different sites. It is now clear that the PRDM9 protein plays a major role in determining hotspots location in the human genome, by
binding a 13-bp consensus motif (HM motif). It has been suggested that the dynamics of recombination hotspot was driven by the rapid
evolution of PRDM9 DNA-binding domain, but the reasons for this rapid evolution remain elusive. To investigate this issue, we analyzed
the evolution of recombination hotspots in the human lineage, by taking advantage of the fact that hotspot activity leads to their loss by
gene conversion. We analyzed mutations affecting HM motifs in the human lineage, and dated them by comparison with the recently
published Denisova draft genome. Our results indicate that the HM-motif was already a target of PRDM9 before the sapiens/denisova
divergence, 500,000 years ago. We will discuss the current models of the forces driving PRDM9 evolution in the light of our observations.
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Visualization of Genome Signatures with BLSOM and its Application to Eukaryotic and Viral genomes

Takashi Abe, Yuki Iwasaki, Hiroshi Uehara, Yuuta Hamano, Kennosuke Wada, and Toshimichi Ikemura
Nagahama Institute of Bio-Science and Technology

The G+C% has long been used as a fundamental parameter to characterize individual genomes and genomic portions, but the G+C% is
apparently too simple a parameter to specify wide varieties of genome characteristics. Oligonucleotide composition can be used to
distinguish the genomes even with the same G+C%, because the oligonucleotide composition varies significantly between genomes:
genome signature. We previously modified Kohonen’s SOM for genome informatics to make the learning process and resulting map
independent of the order of data input: BLSOM. When we constructed BLSOM for oligonucleotide frequencies in genomic fragments (e.g.,
10-kb) from a wide range of species, the sequences were clustered (self-organized) primarily according to species without information
regarding the species. Because of high resolving power of the BLSOM, genomic sequences of 12 Drosophila species were separated
according to their phylotypes, visualizing diagnostic oligonucleotides responsible for the phylotype-specific separation.
Recently we have developed a new BLSOM strategy to unveil the hidden genome signatures by mixing computer-generated random
sequences, which represented mono- or di-nucleotide composition of the real genomic sequences, with the real genomic sequences during
BLSOM calculation.
Reference:
Iwasaki et al. (2011) DNA Res., 18, 125-136
Uehara et al. (2011) Genes & Genetic Systems, 86, 53-66.
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Role of Spatial Positioning of Chromosome Territories in the Genome Evolution

Hideyuki Tanabe
Dept. of Evolutionary Studies of Biosystems, The Grad. Univ. for Adv. Studies (Sokendai), Japan

Chromosome territories (CTs) in cell nuclei of eukaryotes are highly compartmentalized as distinct domains and visualized by threedimensional fluorescence in situ hybridization (3D-FISH) technique. There are two aspects of CT positioning: radial and relative
positioning. The former is the spatial positioning from the nuclear center to periphery, that is highly correlated with physical chromosome
sizes and gene-densities. For example, human 18 and 19 CTs show discrete difference in lymphocyte nuclei; the gene-poor human 18 CTs
are preferentially located at the nuclear periphery, while the gene-dense human 19 CTs are found in the nuclear interior. This topology is
evolutionarily conserved among the primate species even with multiple karyotypic rearrangements. It is also influenced by nuclear
morphology, cell differentiation, and status of gene expression. The later relative positioning is the spatial relationship between particular
two CTs; adjacent association of two CTs is considered as important roles for the chromosomal rearrangements such as chromosomal
translocations. Here I would like to arrange recently revealed characteristics of the spatial positioning of CTs and discuss the roles for the
genomic function and evolution including epigenetic aspects.
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An alternative framework for studying the isochore evolution: the temporal mutation rate model

Satoshi OOta
RIKEN Bioresource Center, Japan

Isochore is the genome-wide mosaic structure in GC content. The origin of isochores is thought to have emerged in the ancestral amniote
genome, and the GC-rich isochore is ‘vanishing’ in the mammalian lineages. However, there are still enigmas in the isochore evolution: (i)
While all the mammalians, birds and even reptiles, which are clearly polyphyletic, have isochore, opossum and platypus lack GC-rich and
GC-poor isochore classes; (ii) While the isochore is predicted to vanish according to a fairly robust theory, a completely opposite
conclusion was led in some mammalian lineages; (iii) The major three hypotheses on the isochore evolution cannot explain observed
evidences without flaws. So far compositional evolution has been studied under the assumption that per base pair rate of GC->AT (u) and
AT->GC (v) mutations are temporally constant (the constant model). With this conventional model alone, however, it is difficult to explain
the isochore evolution. We propose a simple model for compositional evolution based on the temporal per base pair rate of mutations (the
variable model). In this model, rates u and v vary depending on temporal GC contents. Mathematically, the variable model is an expansion
of the constant model. By using currently available genome sequence data, we compared the variable model with the constant model. While
the variable model gave consistent results with the constant model, it can potentially describe the complicated isochore evolution, which the
constant model cannot explain. The versatile characteristics of the variable model may shed light on the mysterious isochore evolution.
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A 94 genome survey of the evolution of eukaryotic duplicate genes

Ashley Byun1 and Sheldon McKay2
1) Fairfield University, Dept. of Biology, 1073 N Benson Rd Fairfield, CT 06824
2) University of Arizona, iPlant Collaborative, BIO5, 1167 E Helen St, Tucson, AZ 85719

Gene duplication is widely accepted as a key evolutionary process, which leads to new genes and novel protein functions. By providing the
raw genetic material necessary for functional diversification, duplication, specifically the mechanisms by which duplicate genes evolve, is
one of the central topics in evolutionary genomics. One proposed source of functional diversification is protein sub-cellular re-localization
(PSR). To examine patterns of PSR as an evolutionary mechanism for duplicate gene diversification, we surveyed the proteomes of 94
sequenced eukaryotic genomes using a stringent protocol to identify more than 2.4 million proteins pairs likely to have resulted from gene
duplication. The occurrence of positive selection in the N-terminus of the peptides was inferred in 199, 067 of such gene pairs by
calculating the non-synonymous/synonymous substitution ratio (Ka/Ks). The proportion of positive selection in the N-terminal region of
protein pairs with different predicted sub-cellular locations was significantly higher, suggesting that PSR may be an important evolutionary
mechanism by which eukaryotic genes adaptively gain new functions. We will discuss PSR and other patterns of divergent evolution of
duplicated genes across a broad sampling of eukaryotic genomes.
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Symposium 11: Molecular mechanisms governing morphological divergence of arthropod appendages
Time and Room: 13:30-16:00, July 28, room S-1
Organizers:
Aleksandar Popadić, Wayne State University, U.S.A.
Juan Pablo Couso, University of Sussex, Sussex, U.K.
Speakers
Shigeo Hayashi, RIKEN Center for Developmental Bioly, Kobe, Japan
Sumihare Noji, Department of Life systems, Japan
Yasuhiro Shiga, Tokyo University of Pharmacy and Life Science, Japan
Antonia Monteiro, Yale University, New Haven, U.S.A.
Sumihare Noji, Department of Life systems, University of Tokushima, Japan
Toru Miura, Hokkaido University, Japan
Aleksandar Popadić (organizer)
Juan Pablo Couso (organizer)
Schedule
13:30-13:35 Couso: Introduction
13:35-14:00 Hayashi: Evolutionary origin of the insect wing via integration of two developmental modules
14:00-14:25 Shiga: Co-option of a Conserved Gene Regulatory Module During the Evolution of Flat Outgrowths in Arthropods
14:25-14:50 Monteiro: Tracing the molecular evolution of a novel complex gene network: butterfly eyespots
14:50-15:15 Noji: Molecular mechanisms underlying determination of leg segment size and shape, insights from studies on cricket leg
regeneration
15:15-15:40 Miura: Endocrine regulations of appendage development in insect polyphenisms: case studies in termite soldiers and male stag
beetles
15:40-15:55 Popadić: Hox genes and evolution of insect thoracic appendages
15:55-16:00 Discussion
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Evolutionary origin of the insect wing via integration of two developmental modules

Nao Niwa1 and Shigeo Hayashi 1, 2
1Morphogenetic
2 Department

Signaling Group, RIKEN Center for Developmental Biology, Japan
of Biology, Kobe University Graduate School of Science, Japan

Insect wing is a key evolutionary innovation for insect radiation, but its origins and intermediate forms are absent from the fossil record.
Whether the wing is essentially a novel structure formed in the dorsal thoracic body wall or a modified limb branch are two major
hypotheses that have not been resolved to date. To understand the ancestral state of the wing, expression of key regulatory genes in insect
wing development was studied in two basal insects, mayfly and bristletail. These basal insects develop dorsal limb branches, tracheal gill
and stylus, respectively, that have been considered candidates for wing origin. Based on the expression patterns of key wing-specifying
genes, we present evidence that the core modules for wing-specification were already present in the body wall of apterygous insects. A
combinatorial model is proposed in which dorsal limb branch was incorporated into dorsal-lateral body wall boundary and acquired flat
limb morphology through integration of two independent modules, allowing rapid evolution of the wing.
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Co-option of a Conserved Gene Regulatory Module During the Evolution of Flat Outgrowths in Arthropods

Yasuhiro Shiga
Tokyo University of Pharmacy and Life Sciences
Hachioji, Tokyo, Japan

How novelties arise is a key question in evolutionary developmental biology. The carapace is a novelty of crustaceans that evolved by the
early Cambrian. In an extant crustacean, Daphnia magna, the carapace grows from the body wall as a double-layered sheet-like outgrowth
with specialized margin structures, features reminiscent of the insect wing. Here we show that the growing margin of the Daphnia carapace
expresses vestigial, scalloped, and wingless, genes that play key roles in regulating growth at the insect wing margin. dsRNA-mediated
knockdown of scalloped and wingless impair carapace development, indicating that carapace and wing share a common mechanism for
margin outgrowth. However, the carapace and wing margins have a different orientation relative to the body axes, suggesting that these
structures have independent origins. We propose that the vestigial-scalloped-wingless gene module had an ancient role in flat body
outgrowths before the divergence of major crustacean lineages and the emergence of insects. Co-option of this module appears to have
occurred independently in these flat outgrowths, facilitating the evolution of distinct novelties in different arthropod lineages.
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Tracing the molecular evolution of a novel complex gene network: butterfly eyespots

Antonia Monteiro*, Jeffrey Oliver, William Piel, Ondrej Podlaha
Department of Ecology and Evolutionary Biology, Yale University, New Haven, CT 06511, U.S.A.

How does a complex visual signal, such as an eyespot color pattern, originate? Complex gene networks underlie the development of
complex morphologies and, thus, its is important to investigate the origin of these networks. Do genes in these networks get wired to each
other, one gene at a time, or are they recruited as set of pre-wired modules, originally deployed in other networks and carrying out other
functions in the body? I will present two empirical approaches to addressing the origin of complex novelties and illustrate them with
examples from our work on the evolution of butterfly eyespots. One approach involves documenting the evolution of the expression of
genes in the network across a phylogeny of species with and without the trait, in order to detect whether genes are being added to the
network gradually, or abruptly in clusters. A second approach involves testing whether the cis-regulatory elements of genes internal to the
novel network are unique, or whether they also regulate gene expression in more primitive traits in the same organism.
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Molelcular mechanisms underlying determination of leg segment size and shape,
insights from studies on cricket leg regeneration

Noji S., Bando T., Nakamura T., Mito T., and Ohuchi H.
The University of Tokushima, Tokushima, Japan

Insect legs are highly modified for different functions, depending on the environment and lifestyle of an insect. It is likely that homeo box
genes regulate leg size and shape. However, we still do not know how leg size and shape are determined. We recently found from studies on
cricket leg regeneration that the protocadherin Dachsous-Fat (Ds-Ft) signaling pathway is essential for leg pattern formation in the cricket
as found for wing development of the fly. The Ds-Ft signaling pathway regulates cell proliferation through the Warts-Hippo (Wts-Hpo)
signaling pathway, leading to leg pattern formation. We introduce a working model, Ds-Ft steepness model, to explain how steepness of the
Ds-Ft gradient controls leg size along the proximodistal axis. Several lines of evidence have suggested that Ds-Ft signaling pathway
including Merlin-Expanded is linked to morphogens such as decapentaplegic/bone morphogenic protein, Wingless/Wnt and a ligand of
epidermal growth factor receptor. On the other hand, the signaling pathway may be regulated by Homeo box genes. Thus, we speculate that
the leg size and shape are determined probably by homeo box genes, regulating cell proliferation by expressions of morphogens and
protocadherins which link to the Wts-Hpo signaling pathway.
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Endocrine Regulations of Appendage Development in Insect Polyphenisms:
Case Studies in Termite Soldiers and Male Stag Beetles
Toru Miura1, Hiroki Gotoh1., Shigeyuki Koshikawa2, Richard Cornette3
1Hokkaido

University, Japan
of Wisconsin-Madison, USA
3National Institute of Agrobiological Sciences, Japan
2University

“Polyphenism”, in which discrete phenotypes are generated depending on environmental conditions, is often seen in arthropods due to their
modular body designs and discontinuous developmental schemes (i.e. moltings). So far, we have been working on the developmental
mechanisms of insect polyphenisms. In this presentation, a part of our studies on the endocrine regulations underlying mandibular
elongations in soldier termites and male stag beetles will be introduced.
In many termite species, mandibles are elongated during soldier differentiation. We carried out JH titer measurement, JH-analog
application, and gene expression analyses, suggesting that the JH profile during the preceding intermolt determines the caste fate and that
appendage development is affected in caste-specific manners. Furthermore, the insulin signaling was found to play an important role in the
mandibular elongation.
In stag beetles, male mandibles are extremely exaggerated at pupation, depending not only on sexuality but also on nutrition. Our studies on
JH actions showed that the high JH titer at the prepupal period was required for the mandibular elongation. In gene expression analyses,
drastic difference between sexes was detected for doublesex gene (dsx) while other patterning genes showed little differences.
In conclusion, actions in endocrine systems can modify appendage development according to environmental conditions.
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Hox Genes and Evolution of Insect Thoracic Appendages
Aleksandar Popadić
Department of Biological Sciences, Wayne State University, Detroit, U.S.A.

Understanding the actual genetic mechanisms that govern the establishments of the species-specific morphologies in nature is a
fundamental question in evolutionary biology. Here, I focus on hemimetabolous insects and discuss how their mode of development may be
particularly suitable for generating phenotypic variation. More specifically, Ultrabithorax (Ubx) gene is used to illustrate how the
differences in its function during embryonic and post-embryonic development may have a significant impact on morphological evolution.
By using insect hind legs and hind wings as a model, it is possible to visualize and understand how small, population-level differences in
the expression of Ubx could over time lead to the large morphological differences. In the same way, a common Sex combs reduced (Scr)triggered mechanism may account for some of the diversity found in the insect prothorax. These model studies indicate that in addition to
their early embryonic function in establishment of segmental identity, hox genes also play a key role in generating species-specific
morphologies.
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Symposium 12: Evolution as a stochastic process
Time and Room: 13:30-16:00, July 28, room S-2
Organizers:
Hitoshi Araki, Eawag, Swiss Federal Institute of Aquatic Science and Technology, Switzerland
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Open discussion
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Stochastic processes in biology and their evolutionary consequences

Katsuhiko Mineta1, Tomotaka Matsumoto2, Naoki Osada3 and Hitoshi Araki4
1Hokkaido

Univ., Japan
Univ., Japan
3National Institute of Genetics, Japan
4Swiss Federal Institute of Aquatic Science and Technology (EAWAG)
2Kyushu

The role of stochasticity in evolutionary processes has long been discussed. To date, however, the most attention in the subject is paid to
stochasticity in mutation processes, i.e. how genes mutate and how they are fixed in a population. In molecular biology, accumulating
evidence suggest that stochasticity in gene expression (SGE) is common among a variety of species. While recent studies also suggest that
SGE and its genetic control can cause large phenotypic differences, little is known about their effects on the evolutionary processes. In this
session, we discuss whether SGE and its genetic control can be evolutionary traits or not, particularly under environmental fluctuations after
a brief introduction of the concept of this symposium. Using a simple theoretical approach, we argue that SGE can indeed play an important
role in evolutionary processes because SGE can influence the effective population size.
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Plasticity and Robustness: A Macroscopic Theory in terms of Phenotypic Fluctuations

Kunihiko Kaneko
Research Center for Complex Systems Biolog, University of Tokyo

Characterization of plasticity, robustness, and evolvability is an important issue in biology. First, proportionality among evolution speed,
phenotypic plasticity, and isogenic phenotypic fluctuation is derived by borrowing and extending fluctuation-response relationship in
physics. Following an evolutionary stability hypothesis we derive a general proportionality relationship between the phenotypic fluctuations
of epigenetic and genetic origins; The former is given by the variance of phenotype due to noise in developmental process, and the latter
due to genetic mutation. The relationship suggests a link between robustness to noise and to mutation, since robustness can be defined by
the sharpness of the distribution of phenotype. Second, the proportionality between the variances is demonstrated to hold also over
different phenotypic traits, when the system acquires robustness through the evolution. Third, adaptation to environmental variation is
studied, which is shown to require a certain degree of phenotypic fluctuations. Indeed, the highest adaptability is achieved when the system
is near the transition point to lose the robustness.

Here, change in phenotypes (i.e., in the gene expression pattern) induced by

environmental change is reduced later as a result of genetic evolution. All the obtained relationships are confirmed in models of gene
expression dynamics, as well as in laboratory experiments. Based on our results, we revisit Waddington’s canalization and genetic
assimilation, and discuss how consistency between evolutionary and developmental scales constrains developmental process and leads to
universal laws on phenotypic fluctuations.
References: K.K. Life: An Introduction to Complex Systems Biology, Springer (2006); PLoS One(2007) 2 e434, J Biosci.34 (2009) 529:
BMC Evolutionary Biology 11(2011) 27; Ito et al., Mol. Sys. Biol. 5 (2009) 264
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Genome-wide resequencing and expression analyses of evolved Escherichia coli strains under ethanol stress
Chikara Furusawa1,2, Takaaki Horinouchi2, Shingo Suzuki2, Naoaki Ono1, Kuniyasu Tamaoka1,
Takashi Hirasawa1, Tetsuya Yomo1,3,4, and Hiroshi Shimizu1
1Department

of Bioinformatic Engieering, Osaka Univ., Japan
Biology Center, RIKEN, Japan
3ERATO, JST, Japan
4Graduate School of Frontier Bioscience, Osaka Univ., Japan
2Quantitative

Advances of technologies now make it possible to reveal the phenotypic and genetic changes responsible for adaptive evolution. Such
detailed information of evolutionary traits provides a basis for understanding the nature of adaptive evolution, for example, what
phenotypic changes are due to stochastic mutation and which are not. In this study, we performed parallel evolution experiments of
Escherichia coli under 5% ethanol stress condition. After cultivation of more than 1000 generations (2500 hours), we obtained 6 ethanoltolerant strains independently, which exhibited about 2 folds increase in specific growth rates compared to the parent strain. We performed
gene expression analysis by microarrays and metabolome analysis by CE-TOFMS of these tolerant strains to analyze phenotypic changes
occurred during the adaptive evolution, and found that the phenotypic changes were rather similar among these tolerant strains. In addition,
genome resequencing analysis of these tolerant strains was performed by next generation sequencer, and we found that the numbers of fixed
mutations were less than 10 in some of tolerant strains, and there were few overlaps. The results suggested that the observed phenotypic
changes was not caused by genomic mutations, instead it was due to environmental adaptation having much longer time scale than their
generation time.
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How does Phenotypic Fluctuation affect Adaptation and Evolution?

Tetsuya Yomo1,2
1Osaka

University, 2ERATO, JST, Japan

Genes have recently been found to stochastically express their products, thus fluctuating cellular phenotypes. The phenotypic fluctuation of
single cells creates large phenotypic diversity in isogenic populations.
	


We rewired hisC (a gene essential for histidine synthesis) on E.coli genome to cut its native responsive control. In response to

histidine depletion, a minor fraction of cells that stochastically appeared with high expression of hisC became the majority, indicating that
the phenotypic fluctuation could give cells a stochastic strategy to adapt to environmental changes for which no responsive molecular
switching are available.
	


The evolution experiment was conducted with phenotypic fluctuation. The population with both genetic diversity and phenotypic

fluctuation in cellular concentration of GFP was applied to an evolution in which 0.2% of individual cells were selected for higher green
fluorescence. As expected, some of the selected genotypes showed high averages in cellular distributions of GFP. But interestingly, others
unchanged the average but possessed a larger phenotypic fluctuation to produce cells stochastically in the top 0.2% of GFP concentration,
indicating that phenotypic fluctuation acts as an evolutionary strategy to produce an extreme phenotype under severe selective
environments.
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Stochastic gene expression and the genotype-phenotype map: experimental studies

Scott A. Rifkin
Division of Biology, University of California, San Diego, USA

Robustness is one of the key design principles of biological circuits, enabling cells to function and organisms to develop successfully
despite variation in biochemical parameters and in levels of key molecules. Only in the last few years has it become possible to measure
how much these molecules actually vary, and it is now clear that genetic networks can be quite noisy. Gene expression is a stochastic
process where relatively rare individual molecules – DNA strands and transcriptional regulators – interact to drive transcription. While
genetic circuits need to function despite fluctuations in levels of important components, organisms can also take advantage of stochasticity
to trigger transitions between robust regimes of network function. Single-celled organisms can use random fluctuations in intermediate
environments to sample different phenotypic states. Multicellular organisms can use stochasticity to drive cell differentiation and tissue
formation but may also use redundancies, particular network topologies, and thresholds to buffer underlying fluctuations. In this talk I will
discuss experimental studies that probe how stochastic gene expression affects the mapping between genotype and phenotype and will also
explore its implications for evolution.
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Studying gene function ‘in natura’: Robust control of a flowering-time gene in natural conditions

Hiroshi Kudoh1, S. Aikawa1, A. Satake2, M. Kobayashi3, K. K. Shimizu3
1Center

for Ecological Research, Kyoto University, Japan
2Graduate School of Environmental Science, Hokkaido University
3Institute of Plant Biology, University of Zurich, Switzerland

In natural environment, seasonal changes of temperature only exist as a long-term trend over a month. Actual changes of temperature are
more complex, involving day-and-night, day-by-day, and week-by-week fluctuations, and these fluctuations within the period shorter than a
few weeks do not necessarily corresponds with the changes in seasons. Therefore, to know the season from temperature, plants have to
remember the long term trend of past temperature. In our study, AhgFLC, a homolog of Flowering Locus C, was studied in a natural
population of Arabidopsis halleri subsp. gemmifera. By analyzing the relationship between the gene expression and past temperature in
natural environments, we revealed that this key gene for flowering-time control is regulated in response to temperature trends over past sixweeks, but not over periods longer or shorter. Our study demonstrated that studying gene function ‘in natura’ provide us more
comprehensive understanding on the role of specific gene control mechanisms, including epigenetic regulations.
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Symposium 13: Present and future of the neutral theory
Time and Room: 9:30-12:00, July 30, room C-1
Organizer: Kazuho Ikeo, National Institute of Genetics, Mishima, Japan
Speakers:
Tomoko Ohta, National Institute of Genetics, Mishima, Japan
Andy Clark, Cornell University, Ithaca, U.S.A.
Gill Bejerano, Stanford University, Stanford, U.S.A.
Colm O hUigin, National Cancer Institute, Saic-Frederick, U.S.A.
Richard Jovelin, University of Toronto, Canada
Peter D. Keightley, University of Edinburgh, U.K.
Schedule:
9:30-10:00 Ohta: Progress of the near-neutrality concept
10:00-10:30 Clark: Properties of neutral variation in large samples (n > Ne) drawn from an explosively growing population
10:30-11:00 Bejerano: Mutation & function in the human genome cis-regulatory landscape
11:00-11:30 O hUigin: Limits to molecular adaptation
11:30-11:45 Jovelin: MicroRNA nucleotide polymorphisms in the nematode Caenorhabditis briggsae reveal candidates for intra-specific
functional divergence
11:45-12:00 Keightley: Adaptive evolution of conserved noncoding elements in mice
This symposium is supported by Kimura Motoo Memorial Fund for Promotion of Evolutionary Studies.
This symposium is jointly held with Society for Evolutionary Studies, Japan (SESJ).
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Progress of the near-neutrality concept

Tomoko Ohta
National Institute of Genetics, Mishima, Japan

Interaction of drift and selection has been one of the most important problems in evolutionary biology. The nearly neutral theory has
developed by emphasizing the interaction at the molecular level. Recent progress in genome biology, developmental biology and other
areas has made it possible to connect the near-neutrality concept with phenotypic evolution. Here, supporting evidence of the nearly neutral
theory is reviewed on evolution of genes and gene regulation. Then the extension of the near-neutrality concept is presented by
incorporating recent knowledge on robustness and epigenetics in developmental biology and other fields. In general, the interaction of weak
selection and drift is important for shifting and expansion of complex genetic systems that are the bases of phenotypic evolution.
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Properties of neutral variation in large samples (n > Ne) drawn from an explosively growing population

Andrew G. CLARK, Elodie GAZAVE and Alon KEINAN
Cornell University, Ithaca, NY, USA

The human population has expanded roughly 1000-fold in size over the past 100 generations, producing a severe distortion to the
genealogies of samples of human genes. The GWAS-era has brought about a massive expansion of sample sizes that human geneticists
work with, exceeding 100,000 individuals in several reports. The combination of rapid growth and a sample whose size exceeds the
variance effective size, results in violation of many assumptions of the standard neutral coalescent. Working from first principles, it is
nevertheless possible to produce a genealogical representation of such a sample, and to derive expressions for the probability of loss of a
new mutation and for properties of the site frequency spectrum. Many attributes of samples like these (with rapid expansion and n > Ne)
differ sharply from the standard neutral model of population genetics, and will have to be considered for future analysis of human variation.
While these attributes appear to be problematic to population genetic analysis, they also offer important new opportunities.
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Mutation & Function in the Human Genome Cis-Regulatory Landscape

Gill Bejerano
Department of Developmental Biology and Department of Computer Science, Stanford University

We will discuss studies relating to the evolution and function of the cis-regulatory landscape in the human genome.
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Limits To Molecular Adaptation

Colm O hUigin1, Yoko Satta2, Naoyuki Takahata2
1N.C.I.

Frederick, MD, USA
Hayama, Japan

2 Sokendai,

An adaptive interpretation of observed rates of amino acid change was shown by Kimura to be incompatible with constraints set by genetic
load and led to his formulation of the Neutral theory. Following Haldane, Kimura's model for genetic load invoked hard selection multiplicative fitness effects over all loci. Soft selection - an alternative formulation, involving non-multiplicative load for loci of similar
phenotypic effect - can accommodate more adaptive change than hard selection. However, models of soft selection have failed to indicate
exactly how much additional adaptive selection can be accommodated. The widespread and seemingly limitless characterization in recent
literature of adaptive molecular change in human evolution indicates the need to determine limits set by consideration of load. In this
presentation, the problem of soft selection is revisited and formulated in terms of the fitness function, the proportion of eliminated
individuals and reproduction rate of survivors to the next generation. A simulation approach is used to see how much adaptive evolution can
realistically occur during the most recent 6MY leading to modern humans and what parameters most influence the outcome.
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MicroRNA nucleotide polymorphisms in the nematode Caenorhabditis briggsae reveal candidates for intra-specific functional
divergence

Richard Jovelin, Asher D. Cutter
Department of Ecology and Evolutionary Biology, University of Toronto
Ontario M5S 3B2, Canada

Mounting evidence points to differences in gene regulation as a major source of phenotypic variation. MicroRNA-mediated posttranscriptional regulation, in particular, has recently emerged as a key factor controlling gene activity during development. MicroRNA
genes are abundant in genomes, acting as managers of gene expression by binding to the 3’ UTR of target mRNAs. Thus, understanding the
role of microRNA sequence variation within populations is essential for dissecting the origin and maintenance of phenotypic diversity in
nature. In this study, we investigate naturally-occurring allelic variation at microRNA loci in the nematode Caenorhabditis briggsae, a close
relative of C. elegans. Phylogeographic structure in C. briggsae partitions most strains from around the globe into a “temperate” or a
“tropical” clade, with a few strains having divergent, geographically-restricted genotypes. Remarkably, strains that follow this latitudinal
dichotomy also differ in temperature-associated fitness. With this phylogeographic pattern in mind, we examined polymorphisms in 18
miRNAs in a global sample of C. briggsae isolates and tested whether newly-isolated strains conform to this phylogeography. By
quantifying levels of allelic variation and identifying divergent alleles, we demonstrate unexpected diversity in this class of genes that
generally experiences strong purifying selection. We find that half of the polymorphisms are found specifically in those few strains from
geographically-restricted locations and that some mutations imply functional divergence, based on computational prediction of the effects
of the polymorphisms on RNA folding. These findings demonstrate the potential for miRNA polymorphisms to contribute to phenotypic
variation within a species.
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Adaptive evolution of conserved noncoding elements in mice

Peter D. Keightley1, Daniel L. Halligan1, Bettina Harr2, Fiona Oliver1, Jack Guthrie1, Kathryn C. Stemshorn2

1University

of Edinburgh, UK
2Max-Planck-Institute for Evolutionary Biology, Plön, Germany

There are many conserved noncoding elements (CNEs) in the genome that are nearly 100% identical between mammalian orders. Many of
these CNEs appear to be involved in the control of development. We sequenced a set of CNEs that are 100% conserved between the human
and dog genomes in a sample of wild house mice. The elements have low levels of diversity, and a skewed distribution of allele
frequencies, suggesting the action of strong purifying selection. From these polymorphism data, and data from linked putatively neutral
sites, we infer the distribution of fitness effects of new mutations in CNEs. This suggests that most mutations are strongly selected, against
and that there are few nearly neutral mutations. The distribution also implies that there is an excess of CNE substitutions between mouse
and rat. We infer that ~80% of nucleotide substitutions in CNEs are driven to fixation by positive selection, and that the rate of adaptation
(relative to the neutral substitution rate) is similar to the high rates observed at amino acid sites in murids. We will discuss these results,
along with the analysis of a more extensive data set of conserved elements and protein-coding genes,obtained from whole-genome
sequencing of wild mice.
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Symposium 14: Current problems in vertebrate evolutionary development
Time and Room: 9:30-12:00, July 30, room C2-A
Organizers:
Shigeru Kuratani, RIKEN Center for Developmental Biology, Japan
Mikiko Tanaka, Tokyo Institute of Technology, Tokyo, Japan
Speakers:
Daniel Chourrout, University of Bergen, Norway
Marcelo Sánchez, University of Zurich, Switzerland
Hiroshi Nagashima, Niigata University, Japan
Naoki Irie, RIKEN Center for Developmental Biology, Lab for Morphological Evolution, Japan
Mikiko Tanaka (organizer)
Schedule:
9:30-10:00 Chourrout: What happened to the genome of vertebrate closest living relatives?
10:00-10:30 Sánchez: The contributions of palaeontology to the study of development in a molecular world
10:30-11:00 Nagashima: Developmental bases for morphological diversity of amniote pectoral girdle
11:00-11:30 Irie: Transcriptome similarity reveals developmental basis for vertebrate body plan
11:30-12:00 Tanaka: Evolution of vertebrate paired appendages
This symposium is supported by RIKEN Center for Developmental Biology, Kobe, Japan, and Grant-in-Aid for Scientific Research on
Innovative Areas "Genetic Bases for the Evolution of Complex Adaptive Traits", MEXT, Japan.
This symposium is jointly held with Society for Evolutionary Studies, Japan (SESJ).
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WHAT HAPPENED TO THE GENOME OF VERTEBRATE CLOSEST LIVING RELATIVES ?

Daniel Chourrout

The contributions of palaeontology to the study of development in a molecular world

Marcelo Sánchez
University of Zürich, Switzerland

Evolution happens in deep time, so if we wish to understand the evolution of form in organismal diversity, it would be paramount to
examine the contributions that fossils can make to this task. A review of published literature, summarized in a web-database, shows that
palaeontological data can address mostly late aspects of ontogeny, with palaeohistology its fastest growing field. Indirect information from
fossils, even with a uniformitarian approach, reveals developmental novelties. Examples include mechanisms of skeletal mineralization,
somitogenesis and Hox-gene expression domains, and patterns of fish squamation. Different ways to develop bone compactness, as in some
semi-aquatic extinct marine reptiles and recent ones, are yet another example of plasticity in face of the adaptation/constraint dichotomy.
Comparative ontogenetic data reveal that allometric patterns of growth and not simply ‘constraints’ but rather evolve largely coupled with
ecological demands, as in the morphological radiation of rodents or the long bone histology of island mammals under different ecological
contexts.
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Developmental Bases for Morphological Diversity of Amniote Pectoral Girdle

Hiroshi Nagashima
Department of Regenerative and Transplant Medicine, University of Niigata, Niigata, Japan

Pectoral girdle shows morphological diversity among amniotes. In therian mammals, rostral shelf of the scapula, supraspinous fossa, has
been traditionally regarded as the neomorphic structure though, the view was challenged from the ontogenetic observation of marsupials.
Pectoral girdle of turtle also has unique morphology. Although a lot of hypotheses have been proposed over homologization of its triradiate
shape, the question remains unsolved. To unveil the homology of the pectoral girdle and developmental bases for the morphological
diversity, development of the pectoral girdle of mouse, Chinese soft-shelled turtle and chicken was compared. At the early developmental
stage, morphology of the pectoral girdle anlage and anatomical pattern in the shoulder region are conserved well among all the animals. In
mouse, however, there is an additional process on the supra-rostral region of the anlage, which later gave rise to the supraspinous fossa,
suggesting that the supraspinous fossa is a real novelty among amniotes. Comparative analysis of morphology and gene expression patterns
suggested that at least rostro-medial prong of turtle pectoral girdle is acrominal process of the scapula.
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Transcriptome similarity reveals developmental basis for vertebrate body plan

Naoki Irie, Shigeru Kuratani
RIKEN Center for Developmental Biology, Lab for Morphological Evolution, Japan

Vertebrate body plan is typically deduced from common morphological elements among adult vertebrates. However, whether there exists a
conserved embryonic stage that supports the concept of vertebrate body plan remains unclear. As inferred by the developmental hourglass
model, conservation of mid-embryonic stages is an attractive idea for explaining the source of vertebrate body plan. On the other hand, long
believed hypothesis, namely, the funnel-like model insist that the earliest embryo is the stage of conservation, which in turn means that
vertebrate body plan is merely an archetype. In order to investigate which developmental stage is conserved the most among vertebrate
embryos, here we collected and identified the transcriptomes of early to late embryos of mouse, chicken, xenopus, and zebrafish, and
further evaluated their transcriptome similarities as an index for evolutionary distance. Our results indicated that so-called pharyngular
stage is the stage of conservation, while early and later stages are rather diverged. We will discuss how developmental hourglass model is
related to the concept of phylotype, and vertebrate’s basic body plan.
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Evolution of vertebrate paired appendages

Mikiko Tanaka
Tokyo Institute of Technology, Japan

Paired appendages are one of the most successful innovations obtained in the history of vertebrates. Evolution and diversification of paired
appendages allowed vertebrates sophisticated behavioral and locomotion patterns. According to fossil records, the first pairs of fin-like
structures seem to have been acquired in the lineage of ancestral agnathans. To gain insight into the evolutionary sequence leading to the
emergence of paired appendages in vertebrates, we have been examined the embryonic development of the ventral mesoderm in the
cephalochordate amphioxus and the lateral plate mesoderm in the agnathan lamprey. We have also been approaching the problem of how
morphology of paired appendages diversified during vertebrate evolution. We identified multiple transcriptional factors regulate the number
of apoptotic cells by triggering the pathways governing cell death or survival during limb morphogenesis. These analyses provided insights
into the sequential changes that would have occurred in the ancestral lateral plate mesoderm leading to the evolution and diversification of
paired appendages.
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Symposium 15: Evolution of life: a multi-disciplinary approach, from universe to genomes
Time and Room: 9:30-12:00, July 30, room C2-B
Organizers:
Shigenori Maruyama, Tokyo Institute of Technology, Japan
Norihiro Okada, Tokyo Institute of Technology, Japan
Speakers:
Ryoho Kataoka, Tokyo Institute of Technology, Japan
Yukio Isozaki, The University of Tokyo, Japan
Shigenori Maruyama (organizer)
Norihiro Okada (organizer)
Schedule:
9:30-9:35 Okada: Introduction
9:35-10:05 Kataoka: The Earth’s surface environmental change by the supernova explosion and collision of molecular clouds
10:05-10:35 Isozaki: Palaeozoic-Mesozoic boundary mass extinction: its role in evolution
10:35-11:05 Ikoma - Talk was cancelled
11:05-11:35 Maruyama: History of the earth and life; from galaxy to genome
11:35-12:00 Okada: Emergence of mammals by emergency
This symposium is jointly held with Society for Evolutionary Studies, Japan (SESJ).
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The Earth’s surface environmental change by the supernova explosion and collision of molecular clouds

Ryoho Kataoka
RIKEN Advanced Science Institute, Japan

Encounters of the solar system with nebulae (supernovae and dark clouds) in the galactic plane lead a catastrophic change in the
environment of the earth to cause mass extinctions. We may call it nebula winter. Nebulae winter is driven by the following two
mechanisms. First, at the encounters with nebulae, the external pressure increases in several orders of magnitude and the heliopose will
shrink down to the earth’s orbit or less. This shrink together with acceleration of cosmic rays in their termination shock causes the
significant increases in galactic cosmic rays on the earth. The increase in cosmic ray flux leads the increase in cloud coverage to cool down
the earth, significantly. The solid particles in the dark nebulae, which stay one month in the earth’ s stratosphere, block the sunlight to lead
dramatic climate change such as super iceage (snow-ball earth). The probability of the encounters with supernova remnants and dark
nebulae is estimated as once per several hundred Myears and not negligibly small in the history of the earth (4.6 Gyears).
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Palaeozoic-Mesozoic Boundary Mass Extinction: Its Role in Evolution

Yukio Isozaki
Dept. Earth Science & Astronomy, Univ. Tokyo, Japan

The Paleozoic-Mesozoic boundary witnessed the greatest mass extinction of the Phanerozioc that drastically changed the evolutionary trend
toward the present world. The extinction occurred in two-steps; at 260 and 252 million years ago. Isotope signatures in marine sediments
(negative shift in C isotope ratio, the minimum value in 87Sr/86Sr), remnants of large-scale volcanism, and geomagnetic anomaly indicate
that significant changes have appeared both in the earth’s mantle and surface, in particular, everything geologically unusual started at the
first event. The episodic large-scale magmatism was likely related to the activity of a mantle superplume that initially rifted the Pangean
supercontinent. A global cooling was likely the main kill mechanism, which was led by the intensified cosmic radiation/extensive cloud
coverage under weakened geomagnetism and by the volcanogenic dust/aerosol screens in the stratosphere. Mass extinction generally
corresponds to the destruction of pre-existing biosphere equilibrium, and this forces re-structuring of ecosystem that allows the rapid
diversification of new clades. Past examples (e.g., Late Neoproterozoic snowball Earth, end-Paleozoic event) suggest that the magnitude of
mass extinction was reflected in the recovery duration and complexities in re-structuring.
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Exo-solar planets; possibility of life on their planets

Masahiro Ikoma
Tokyo Institute of Technology, Japan

Talk was cancelled
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History of the Earth and Life; From Galaxy to Genome

Maruyama, S.
Department of Earth & Planetary Sciences, Tokyo Institute of Technology, O-okayama 2-12-1, Meguro-ku 152-8551, Tokyo, Japan

The following ten events are proposed as the biggest 10 events which discontinuously changed the Earth system through time. (1) Birth
of the Earth at 4.56 Ga, (2) heavy bombardments to cause the second magma ocean at 4.2 Ga, (3) Initiation of plate tectonics, birth of
continental crust, and the life at 4.0 Ga, (4) mantle overturn at 2.8-2.7 Ga, and birth of strong magnetosphere, (5) birth of post-perovskite at
2.3 Ga, (6) first supercontinent, superplume, and initiation of Wilson cycle, (7) rerun-flow of seawater into mantle, (8) P/T boundary, (9) K/
T boundary and (10) Birth of human being and initiation of science.
Among these events, the event (7) was critical for the evolution of life on the Earth to determine to bear the intelligent animal of human
being finally. At the same time, Gondwana was formed as a semi-supercontinent about 540Ma. The Cambrian time began at ca. 540Ma. The
relationship between deglaciation of snowball Earth and Cambrian explosion would be critical to generalize the physical process to make
the habitable planet.
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Emergence of Mammals by Emergency

Norihiro Okada
Tokyo Institute of Technology

Even in the post-genomic era, molecular mechanisms of macroevolution such as acquisition of mammalian-specific morphological traits
remain largely unsolved. Recently, however, a number of conserved non-coding elements (CNEs), especially those derived from
transposable elements such as short interspersed elements (SINEs), have been paid attention as possible key elements responsible for gene
regulatory networks involved in the evolution of clade-specific traits. We here demonstrate that one mammalian CNE locus (AS021)
derived from a SINE acts as an enhancer of SATB2 gene specifically expressed in the deep layer of developing neocortex and in
commissural neurons projecting axons through the ventral domain of corpus callosum. We propose that exaptation of the AS021 SINE
locus might have been involved through the enhancement of SATB2 expression in the establishment of interhemispheric communication
via the corpus callosum, a eutherian-specific brain structure. Furthermore, we discussed the involvement of SINEs in generation of a new
gene-expression network through sharing binding-sites for particular transcription factors.
We propose that exaptation of many AmnSINE1 loci occurred in a common ancestor of mammals probably due to adaptation of severe
condition (superanoxia) after P-T mass extinction at 250Ma.
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Workshop 1: Methods for multiple alignment and phylogenetic tree making for large sequence data
set
Time and Room: 9:30-12:00, July 27, room S-2
Organizers:
Koichiro Tamura, Tokyo Metropolitan University, Japan
Kirill Kryukov, National Institute of Genetics, Mishima, Japan
Speakers:
Sudir Kumar, Center for Evol. Medicine & Informatics, Arizona State Univ., U.S.A.
Kazutaka Katoh, CBRC, AIST, Japan
Jessica W. Leigh, University of Otago, New Zealand
Tina Koestler, University of Vienna, Austria
Koichiro Tamura (organizer)
Kirill Kryukov (organizer)
Schedule:
9:30-10:00 Kumar: Maximum likelihood methods in MEGA5
10:00-10:30 Katoh: Effect of adding homologs in phylogenetic analysis
10:30-11:00 Tamura: Heterotachy in real world: lessons from Drosophila genomes
11:00-11:30 Kryukov: Alignment free phylogeny reconstruction using oligonucleotide frequencies
11:30-11:45 Leigh: Evaluating incongruence: One size doesn't fit all
11:45-12:00 Koestler: rEvolver: simulating sequence evolution under domain constraints
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Maximum Likelihood Methods in MEGA

Sudhir Kumar1,2 and Koichiro Tamura3
1Center

for Evolutionary Medicine and Informatics, The Biodesign Institute, Arizona State University, Tempe, AZ, USA
2School of Life Sciences, Arizona State University, Tempe, AZ, USA
3Department of Biological Sciences, Tokyo Metropolitan University, 1-1 Minami-ohsawa, Hachioji, Tokyo 192-0397, Japan,

The most recent release of MEGA5 (Molecular Evolutionary Genetics Analysis version 5) contains many Maximum Likelihood analyses
for inferring evolutionary trees, selecting best-fit substitution models (nucleotide or amino acid), inferring ancestral states and sequences
(along with probabilities), and estimating evolutionary rates site-by-site. I will present results from computer simulation analyses that
evaluate ML tree inference algorithms in MEGA5. I will show that the accuracy of the estimates of phylogenetic trees, substitution
parameters, and rate variation among sites, and demonstrate that our algorithms and implementations compare favorably with other
software packages in terms of computational efficiency. I will also provide initial results from an assessment of the optimality scores
(Maximum Likelihood values) of trees inferred from heuristic searches in MEGA and other phylogenetic analysis software packages.
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Effect of adding homologs in phylogenetic analysis

Kazutaka Katoh1, Christian Ledergerber2,3, Christophe Dessimoz2,3, Manuel Gil2,3
1Computational

Biology Research Center, AIST, Japan
Science, ETH Zürich, Switzerland
3Swiss Institute of Bioinformatics, Switzerland
2Computer

The inclusion of additional homologous sequences is generally believed to i(t) 0.2 7o(ve)493.5 ( ) - 39.7 (t) 0.((he)402.1 ( ) 136.41 (a) 0.2 nc) 0

We examined several combinations of different MSA methods and tree inference methods. The results suggest that additional homologs do
not improve the quality of MSA in general, but improve the resulting tree in most cases. This benchmark also provides practical guidelines,
for example, an appropriate similarity level of homologs to be included into a phylogenetic analysis.
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Heterotachy in real world: lessons from Drosophila genomes

Yoshitaka Ogawa and Koichiro Tamura
Department of Biological Sciences, Tokyo Metropolitan University, Japan

Molecular evolutionary rate such as the rate of nucleotide substitution may vary during the course of evolution. As a result, genome
sequences may evolve at a relatively faster or slower rate on a lineage compared to other lineages. When this variation among lineages
varies among different genes or genomic regions, one gene may evolve faster and another may evolve slower on the same lineage. Such
situation is called ‘heterotachy’. Computer simulations suggested that MP, NJ, ML and Bayesian methods are all doomed to failure with a
certain extent of heterotachy. So, the issue is how much heterotachy is in real sequence evolutions.
In this study, we used the 12 Drosophila genome data to examine the extent of heterotachy, estimating the branch lengths of the
consensus tree with sequence data from each of 6,698 single copy orthologous genes. We found that 60% of the genes are significantly
heterotachous, i.e., the extents are more than those expected by chance factor alone. There are more heterotachous genes related to
adhesion, reproduction, development and stimulation response compared to genes related to metabolism.
Among the 6,698 orthologous genes, 2,821 genes supported the consensus and biologically reasonable topology by itself. However, if
two of them were concatenated, different topologies were suggested by 3,044 gene pairs among all possible pairs. When the distance matrix
was obtained from each gene separately and then merged, the correct topology was recovered for 2,370 gene pairs by NJ method, whereas
neither the concatenation nor the matrix merger worked for 674 pairs.
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Alignment Free Phylogeny Reconstruction Using Oligonucleotide Frequencies

Kirill Kryukov, Naruya Saitou
National Institute of Genetics, Japan

Traditional approach to phylogenetic inference requires multiply aligning the sequences, which can be a challenging task with large
sequence datasets. One of the alternatives to alignment-based comparison is to use the oligonucleotide frequencies. Previous frequencybased methods perform well for closely related species, but lack accuracy with distantly related sequences. Here we propose to use not only
oligonucleotide frequencies, but also spacing patterns for modeling and comparing the sequences. The addition of spacing patterns allows
recognizing recent accumulation of repetitive sequence, which creates highly non-linear changes of frequencies compared with divergence
time. By recognizing and cancelling this effect we can produce more reliable estimation of divergence time, and consequently, phylogeny.
A range of bacterial genome sequences was used for validating the new method.
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Evaluating incongruence: One size doesn't fit all

Jessica W. Leigh
University of Otago, New Zealand

A variety of methods have been proposed for assessing incongruence in multi-locus phylogenetic data. These have ranged from Farris'
parsimony-based incongruence length difference test and Huelsenbeck and Bull's likelihood-ratio test to adaptations of likelihood-based
topology tests and principal component analysis. For large phylogenomic datasets, the computation time for some available incongruence
tests becomes intractable. For different incongruence methods that can be applied, results may vary considerably, depending on
characteristics of the evolutionary process. Here, we will compare three methods for assessing phylogenetic incongruence: a)
Concaterpillar, a hierarchical likelihood-ratio test that is generally powerful, but may break down when incongruence is high; b)
Conclustador, a clustering-based method whose runtime scales well for very large numbers of markers; and c) a novel supertree-based
method that uses a likelihood-based topology test applied to individual genes to identify a confidence set for the whole dataset. We will
describe how phylogeneticists might choose which method to use for evaluating congruence by assessing the characteristics of their data.
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rEvolver: Simulating Sequence Evolution Under Domain Constraints

Tina Koestler, Arndt von Haeseler and Ingo Ebersberger
Center for Integrative Bioinformatics Vienna (CIBIV), MFPL, Austria

Simulations of protein evolution usually assume that sites evolve identically and independent from each other. More realistic simulations
are often hindered by limited knowledge concerning site-specific evolutionary constraints or dependencies between amino acids. However,
homologous sequences can be aligned and used to train a profile Hidden Markov Model (pHMM). The resulting models inherently capture
the evolutionary constraints that shaped the domains e.g. at what positions insertions and deletions are more likely to occur or what sites are
conserved. Here we present rEvolver, a simulation program that integrates protein domain annotations into the simulation procedure.
rEvolver infers site-specific substitution models and insertion and deletion parameterizations from a pHMM. To exemplify the usage of
rEvolver, we evolved all human proteins up to 1.5 expected substitutions per site and analyzed the change in Pfam domain content over
time. The percentage of retained Pfam domains in simulations with and without domain constraints is increased from 15% to 92%. Thus,
rEvolver maintains the protein specific properties. Finally, we demonstrate how rEvolver can be used to assess the evolutionary traceability
of proteins.
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Workshop 2: Reverse transcriptase as an evolutionary force
Time and Room: 9:30-12:00, July 27, room S-3
Organizer: Wojciech Makalowski, University of Muenster, Germany
Speakers:
Juergen Brosius, University of Muenster, Münster, Germany
Izabela Makalowska, Adam Mickiewicz University, Poland
Manyuan Long, The University of Chicago, U.S.A.
Amit Pande, Institute of Bioinformatics, Germany
Richard Cordaux, Universite de Poitiers - CNRS, France
Kazutaka Takeshita, Hokkaido University, Japan
Kenji K. Kojima, Genetic Information Research Institute, U.S.A.
Hiroaki Sakai, National Institute of Agrobiological Sciences, Japan
Kazuhiko Ohshima, Nagahama Institute of Bio-Science and Technology, Japan
Schedule:
9:30- 9:30 Wojciech Makalowski: Reverse transcriptase - the remarkable evolutionary machine
9:30- 9:50 Brosius: The RNA world we are still living in
9:50-10:10 Izabela Makalowska: Retrogenes and the mode of their evolution
10:10-10:30 Long: Phenotypes of retrogenes and evolution of developmental genetic programs
10:30-10:45 Cordaux: Remarkable abundance and evolution of reverse transcriptases in a bacterial endosymbiont (Wolbachia)
10:45-11:00 Pande: Regulatory landscaping of transposable elements during interlaced transcription
11:00-11:15 Takeshita: Comparative genomics of retrogenes in green algae
11:15-11:30 Kojima: Ancient domestication of tyrosine recombinase-encoding crypton family of DNA transposons
11:30-11:45 Sakai: Retrogenes in rice (Oryza sativa L. ssp. japonica) are old, functional and exhibit correlated expression with their source
genes
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11:45-12:00 Ohshima: Origin of the polyA connection: plant L1 Retrotransposons may have lost the specific recognition of RNA template
for reverse transcription in parallel with mammalian L1s
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Reverse Transcriptase - the Remarkable Evolutionary Machine
Wojciech Makalowski
Institute of Bioinformatics, University of Muenster, Muenster, Germany

Reverse transcriptase (RT) or an RNA-dependent DNA polymerase is one of the most important enzymes nature ever “invented”. It was
discovered independently by Howard Temin and David Baltimore in 1970. It is very ancient enzyme and was crucial in the conversion of
RNA-world into DNA-world. RT is a polymerase that generates a double-stranded DNA copy of the RNA template. The template can be a
whole RNA virus genome or an mRNA molecule as in the case of retrotransposons. The RT from the human immunodeficiency virus is the
best characterised so far but RTs from mobile elements are probably more important from the evolutionary point of view, because they are
responsible for a number of genomic novelties. Nevertheless, it is believed that overall mechanism of the RT performance is universal and
lessens learned from the HIV RT can be extrapolated to all other RTs. I will briefly discuss current knowledge of the RT structure and
function.
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The RNA world we are still living in

Juergen Brosius
Institute of Experimental Pathology, ZMBE, University of Münster, Von Esmarch-Str. 56, 48149 Münster, Germany
RNA.world@uni-muenster.de

Apart from constantly remodeling genomes of multicellular organisms by the continuous conversion of RNA to DNA and random
integration into chromosomes, non-protein coding RNAs (npcRNAs) play important roles in gene regulation and cellular function.
npcRNAs are not mere remnants or fossils from an RNA world, but new variants keep arising by gene duplication including retroposition.
Their sizes range from tiny (~20 - 50 nucleotides) via small (50 – 500 nucleotides) up to very large (more than 10 kilobases). Strategies of
discovering novel npcRNAs and their functional studies including gene depleted mouse models will be described.
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Retrogenes and the mode of their evolution

Izabela Makałowska, Joanna Ciomborowska, Michał Szcześniak
Laboratory of Bioinformatics, Faculty of Biology, Adam Mickiewicz University Poland

One of the fundamental factors in the evolution of lineage-specific and species-specific traits is the birth of new genes. Retroposition is a
major mechanisms of gene duplications in which multi-exon genes give birth to single-exon copies that, in most cases, lack regulatory
elements and are commonly believed to be pseudogenes. However, many of them are known to produce new genes and play very important
role in shaping interspecies differences. Retrogenes are considered to have little evolutionary significance. It is expected that retrocopies are
selectively neutral, although, it is not universal for all retrogenes and mode of their evolution depends on the retrogene function. On the one
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Phenotypes of retrogenes and evolution of developmental genetic programs

Manyuan Long
Department of Ecology and Evolution, The University of Chicago
1101 E 57th Street, Chicago, IL 60637, USA
	

New genes have been observed to frequently originate through various mutational mechanisms in the Drosophila genomes (Long et
al, 2003, Nature Rev Genet; Long, 2007, Nature; Yang et al, 2008, PLoS Genet). Adaptive evolution was observed to be a major
evolutionary force acting on the early origination of a new gene, suggesting significant phenotypic effects new genes contributed to the
evolution of Drosophila species (Kaessmann et al, 2009, Nature Rev Genet; Emerson et al, 2008, Science). Furthermore, most new genes
generated from retroposition were identified to have testis-expressed functions, implicating their phenotypic effects on the male fertility
(e.g. Vibranovski et al, 2009a, Genome Res; 2009b, PLoS Genet). Computational and experimental analyses of a number of Drosophila
genomes identified ~1000 Drosophila-specific new genes, including ~160 retrogenes, which originated in recent 45 million years (Zhang et
al, 2010, Genome Res). To detect the fitness phenotypes of these new genes, we have conduced genetic analyses ranging from knockout,
knockdown to mutational analyses of 23 retrogenes and a number of DNA-based duplicates (Dai et al, 2008, Proc Natl Acad Sci USA;
Chen et al, 2010, Science; Chen, Yang and Long, unpublished data). Unexpectedly, we found that a high proportion of the new genes were
lethal and/or male sterile when silenced, countering a conventional conclusion that only conserved ancient genes were essential. Further
inspection of these essential new genes indicated that they if silenced terminated development stages from embryotic stage to eclosion,
mostly in pupal stages or control adult organ development, e.g. the development of wings, notum and testis. Because the new genes are
species- or linage-specific, thus, the identified developmental effects reveal the existence of specific-specific or lineage-specific
developmental genetic programs of which these new genes are components. These findings from the examination of young protein-coding
genes showed that the developmental genetic programs in Drosophila were rapidly evolving, contrary to the widely believed conservation
of development with the conserved developmental genes and the non-variable tool-kits for evolution of development.
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Remarkable Abundance and Evolution of Reverse Transcriptases in a Bacterial Endosymbiont (Wolbachia)

Richard Cordaux
Université de Poitiers, CNRS UMR 6556 Ecologie Evolution Symbiose
40 Avenue du Recteur Pineau, 86022 Poitiers Cedex, France

The streamlined genomes of ancient obligate endosymbionts generally lack transposable elements, as a consequence of their intracellular
confinement. Yet, the genomes of Wolbachia, one of the most abundant bacterial endosymbionts on Earth, is littered with transposable
elements, in particular insertion sequences (IS). Such a paradox raises the questions as to why there are so many transposable elements in
Wolbachia genomes and whether or not IS elements are the only transposable elements in Wolbachia genomes. To address these questions,
we conducted an exhaustive search for group II introns in completely or partially sequenced Wolbachia genomes. Bacterial group II introns
are retroelements carrying reverse transcriptases, frequently found within genes. They mainly disperse through homing into free alleles of
their host genes, but ectopic mobility has already been documented. Our results reveal that group II mobile introns are particularly abundant
and diverse in most Wolbachia genomes. These genomes rank in the top 2% of the thousand completely sequenced prokaryotic genomes in
terms of group II intron genomic density. In addition, we identified a high number of putatively functional intron copies in different
Wolbachia strains. This suggests recent intron mobility in Wolbachia, which was confirmed by polymorphism assays. Moreover, group II
introns were found to be involved in several genomic rearrangements. Overall, these observations highlight the ability of Wolbachia to
exchange genetic material and to deal with acquired repeated elements in relation with genomic plasticity. Such characteristics may provide
some clues on the exceptional evolutionary success of Wolbachia bacterial endosymbionts.
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Regulatory Landscaping of Transposable Elements during interlaced transcription

Amit Pande and Wojciech Makalowski
Institue Of Bioinformatics, University of Muenster, Germany

Transposable elements (TEs) have been shown to contribute enormously to the regulome diversity and gene expression in vertebrates
particularly the human genome. However, their contribution and presence within the regulatory domains viz. promoters, enhancers,
insulators and enhancer blockers for the overlapping RNA transcripts, typified as long and short RNA transfrags, around the protein coding
loci, during pervasive transcription is currently not known.
The innate ability of TE derived transfrags, except for the Alu elements, to orchestrate the transcriptional regulatory networks
through enhancers was discerned. These enhancer functions, confined to the intronic regions and identified by the histone modifications
H3K4me1 and H3k27Ac, alongwith the transcription factors, DNase1 hypersensitivity sites contribute to the precise regulation of
transcription. Alu elements, which marked the regulome with their absence from active enhancers, however, seemed to be present in the
CTCF derived insulator regions. AmnSINE1 and SVA elements, presented a very interesting functional scenario by being present only in
the long RNA derived transfrags. This reconfirmed the differential processing for the small RNA transfrags observed during their recent
discovery.
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Analysis of these transcription factor binding sites, derived out of TEs, suggests preference for transcriptional co-activators such as
p300 and CBP specific targets, rather than specific superclass of transcription factors. Taken together, our findings further elucidate the roles
of TEs in exaptation and association with transcriptional regulators during interlaced transcription.
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Comparative Genomics of Retrogenes in Green Algae

Kazutaka Takeshita1, 2, Mathieu Deblieck2, Dorota Buczek2, Kanako O. Koyanagi1, Hidemi Watanabe1,
Wojciech Makalowski2
1Graduate

School of Information Science and Technology, Hokkaido University, Japan
2Institute of Bioinformatics, University of Muenster, Germany

The genomes of two green algae, one from unicellular green alga Chlamydomonas reinhardtii and the other from multicellular Volvox
carteri, revealed both genomes, in spite of their fundamental differences in organismal complexity and life history, have surprising
similarities at the molecular level. This indicated that the root of multicellularity, at least in multicellular green algae, can be associated with
lineage specific modification of protein coding genes shared between two algae rather than acquirements of new protein coding genes in the
multicellular lineage. As a potential evolutionary driving force for the multicellularity in green algae, we focused on gene duplications by
retrotransposition and its resultant retrogenes. To elucidate retrogenes’ contribution to the evolution of multicellularity in green algae, we
have investigated retrogenes comprehensively in these two species. Our initial finding was that the amount of retrogenes in Volvox was
significantly bigger than those in Chlamydomonas, suggesting retrogenes’ contribution to the multicellularity in green algae.
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Ancient Domestication of Tyrosine Recombinase-encoding
Crypton Family of DNA Transposons

Kenji K. Kojima, Jerzy Jurka
Genetic Information Research Institute, USA

“Domestication” of transposable elements (TEs) led to evolutionary breakthroughs including the origin of telomerase and vertebrate
acquired immune system. These breakthroughs were accomplished by adaptation of molecular functions essential for TEs, such as reverse
transcription, DNA cutting and ligation or DNA-binding. Crypton represents a unique class of TEs using tyrosine recombinase (YR) to cut
and rejoin the recombining DNA molecules. Here we report Cryptons from animals, fungi, and stramenopiles, as well as genes derived
from Crypton domestication events. Human genome harbors 6 genes containing DUF3504 domain, which are conserved among jawed
vertebrates. We found that DUF3504 domain was derived from Crypton YR. ZMYM2, 3, and 4 genes were duplicated through 2 rounds of
genome duplication in early vertebrates, and are orthologs of the WOC gene, which is conserved among bilaterians. The domestication of
Crypton leading to origin of the WOC gene over 910 million years ago, is the second oldest TE domestication event known to date. Many
of DUF3504 genes are transcriptional regulators and the acquisition of DUF3504 domain could have added new regulatory pathways via
protein-DNA or protein-protein interactions.
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Retrogenes in rice (Oryza sativa L. ssp. japonica) are old, functional and exhibit correlated expression with their source genes

Hiroaki Sakai1,2, Hiroshi Mizuno1, Yoshihiro Kawahara1, Hironobu Wakimoto1,3, Hiroshi Ikawa4, Hiroyuki Kawahigashi1, Hiroyuki
Kanamori4, Takashi Matsumoto1, Takeshi Itoh1, and Brandon S. Gaut2
1NIAS, 2UCI, 3Hitachi

GP, 4STAFF

Gene duplication occurs by either DNA- or RNA-based processes; the latter duplicates single genes via retroposition of messenger RNA.
The expression of a retroposed gene copy (retrocopy) is expected to be uncorrelated with its source gene because upstream promoter
regions are usually not part of the retroposition process. In contrast, DNA-based duplication often encompasses both the coding and
intergenic (promoter) regions; hence expression is often correlated, at least initially, between DNA-based duplicates. In this study, we
identified 150 retrocopies in rice (Oryza sativa L. ssp japonica), most of which represent ancient retroposition events. We measured their
expression from high-throughput RNA sequencing (RNAseq) data generated from seven tissues. At least 66% of the retrocopies were
expressed, but at lower levels than their source genes. However, the tissue specificity of retrogenes was similar to their source genes, and
expression between retrocopies and source genes was correlated across tissues. The level of correlation was similar between RNA- and
DNA-based duplicates, and they decreased over time at statistically indistinguishable rates. We extended these observations to previously
identified retrocopies in Arabidopsis thaliana, suggesting they may be general features of the process of retention of plant retrogenes.
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Origin of the PolyA Connection: Plant L1 Retrotransposons May Have Lost the Specific Recognition of RNA Template for Reverse
Transcription in Parallel with Mammalian L1s

Kazuhiko Ohshima
Nagahama Institute of Bio-Science and Technology, Japan

LINEs mobilize SINEs by their retrotranspositional machineries in trans. The 3’-end sequences of some SINEs are similar to those of
partner LINEs, being recognized by the LINE encoded proteins to initiate reverse transcription of the transcripts. Mammalian L1s,
however, recognize the 3’ polyA tail of RNAs, mobilizing flexibly cytosolic mRNAs as well as Alu SINEs. Many land plants harbor L1clade LINEs only and significant amount of SINEs with no homology to the LINEs, suggesting that plant SINEs might be mobilized by the
plant L1 machinery similar to mammals. Plant L1s consist of three deeply-blanching lineages descend from the common ancestor of
monocots and eudicots. An L1 lineage retains a conserved 3’-end sequence with a solid RNA structure in monocots, which are common to a
maize SINE, strongly suggesting that the plant L1 machinery is not flexible

Workshop 3: Plant evolutionary genomics
Time and Room: 9:30-12:00, July 27, room S-4
Organizers:
Akira Kawabe, Kyoto Sangyo University, Faculty of Life Science, Japan
Tatsuya Ota, The Graduate University for Advanced Studies, Japan
Speakers:
Tomoaki Nishiyama, Advanced Science Research Center, Kanazawa University, Japan
Jeffrey A. Fawcett, Graduate University for Advanced Studies, Japan
Tzen-Yuh Chiang, National Cheng-Kung University, Taiwan
Takeshi Itoh, National Institute of Agrobiological Sciences, Tsukuba, Japan
Maud Tenaillon, CNRS, France
Schedule:
9:30-10:00 Nishiyama: Land plant evolution learnt from moss and lycophyte genomes
10:00-10:30 Fawcett: Higher intron loss rate in Arabidopsis thaliana than A. lyrata due to stronger selection for a smaller genome
10:30-11:00 Chiang: Genomic divergence between sister species in plants: cases in Arabidopsis and Miscanthus
11:00-11:30 Itoh: Comparative genome sequence analyses between African and Asian cultivated rice
11:30-12:00 Tenaillon: Whole genome sequencing to evaluate the contribution of transposable elements to the evolution of genome size in
Zea
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Land Plant Evolution Learnt from Moss and Lycophyte Genomes

Tomoaki Nishiyama
Advanced Science Research Center, Kanazawa University, Japan

The genome sequences of the moss Physcomitrella patens and the lycophyte Selaginella moellendorffii enabled comparative genomics
approaches to trace the changes during the early evolution of land plants. The comparison with whole proteome cluster analysis by the
phytozome revealed that about 3000 clusters were gained after the divergence of chlorophytes and land plants but before divergence of
mosses and vascular plants. Relatively fewer clusters (about 500) is associated with the evolution of vascular plants and further 1300
clusters were associated to flowering plants.

Consistently, phylogenetic analyses of genes functioning in development in Arabidopsis were able to identify putative orthologs in both P.
patens and S. moellendorffii more than 80% of the genes investigated. While orthologs are present, lineage specific expansions were often
observed. Notably, phytohormone biosynthesis and signaling for ethylene, cytokinin, and brassinosteroids seems to have changed.

To fill the still large gap between chlorophytes and land plants, charophycean green algae should be analyzed. With the advances in next
generation sequencing systems, sequencing of Chara and Closterium genomes are ongoing.
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Higher intron loss rate in Arabidopsis thaliana than A. lyrata due to stronger selection for a smaller genome

Jeffrey A. Fawcett1,2,3, Pierre Rouzé1,2, Yves Van de Peer1,2

1
2

Department of Plant Systems Biology, VIB, Technologiepark 927, B-9052 Ghent, Belgium

Department of Plant Biotechnology and Genetics, Ghent University, Technologiepark 927, B-9052 Ghent, Belgium
3

Present Address: Graduate University for Advanced Studies, Hayama, Kanagawa, 240-0193, Japan

The number of introns varies considerably among different organisms. This can be explained by the difference in the rate of intron gain and
loss. Two factors that are likely to influence these rates are selection for or against introns, and the mutation rate that generates the novel
intron or the intronless copy. Although it has been speculated that stronger selection for a compact genome might result in a higher rate of
intron loss and lower rate of intron gain, clear evidence is lacking, and the role of selection in determining the rate of intron gain and loss
has not been established. Here, we studied the gain and loss of introns in the two closely related species Arabidopsis thaliana and A. lyrata
as it was recently shown that A. thaliana has been undergoing a faster genome reduction driven by selection. We found that A. thaliana has
lost 6 times more introns than A. lyrata since the divergence of the two species, but gained very few introns. We suggest that stronger
selection for genome reduction probably resulted in the much higher intron loss rate in A. thaliana. We also examined the pattern of the
intron gains and losses to gain insight into the mechanism of intron gain and loss. Microhomology was detected between the splice sites of
several gained and lost introns, suggesting that non-homologous end joining (NHEJ) repair of double-strand breaks (DSBs) might be a
common pathway not only for intron gain but also for intron loss.
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Genomic Divergence Between Sister Species in Plants: Cases in Arabidopsis and Miscanthus

CW Ho , CL Huang , N Osada, TY Chiang
National Cheng-Kung University, Taiwan

Arabidopsis thaliana is the most well-known model organism in higher plants. As sisters to A. thaliana, A. lyrata and A. halleri provide an
ideal model for studying species diversification. Ninety-eight randomly chosen nuclear loci were used to estimate genomic divergence.
High levels of estimated ancestral polymorphisms between wild Arabidopsis suggest non-stop gene flow ever since the initial isolation.
Multilocus analysis on A. kamchatica, a putative hybrid, revealed a mosaic genome derived from A. lyrata and A. halleri. Homeologous
recombinations were also detected. Miscanthus is one of the most used biofuel plants with characteristics of fast growth and high biomass.
In contrast to the less diverged M. floridulus, its sister M. sinensis is composed of morphologically distinct intraspecific taxa. For examining
the speciation mode, 80 loci were selected from a transcriptome library. Multi-locus genetic analyses revealed frequent gene flow between
Miscanthus species. Multi-locus analyses recovered clustering of M. floridulus and Chinese M. sinensis, which is nevertheless distant to
other conspecific varieties in Taiwan, indicating frequent local genetic exchanges. High diversification of Taiwan’s Miscanthus revealed a
pattern of adaptive radiation.
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Comparative Genome Sequence Analyses
between African and Asian Cultivated Rice
Takeshi Itoh1, Hiroaki Sakai1, Tsuyoshi Tanaka1, Hiroshi Ikawa2, Hisataka Numa1, Takashi Matsumoto1,
Takuji Sasaki1,3
1National

Institute of Agrobiological Sciences, Japan
2Institute of Society for Techno-Innovation of Agriculture, Forestry and Fisheries, Japan
3Tokyo University of Agriculture, Japan

Oryza glaberrima, which is a distinct species from Asian rice O. sativa, was domesticated in West Africa, and is important for the global
food problem. We determined the genome sequence of O. glaberrima IRGC104038 by the whole-genome shotgun method after geneenrichment by the methylation filtration method. As a result, 69,083,576 bp (~18%) of the O. sativa (cv. Nipponbare) genome were found
to correspond to our sequence reads, while a total of ~12 Mb were unique to O. glaberrima. The sequences could cover (part of) 6,443
genes of O. sativa. Genome-wide comparisons between African and Asian rice revealed lineage-specific amino acid substitutions, splicing
variants, etc. Interestingly, although the evolutionary rates are similar between the species, genome-wide relaxation of purifying selection
was observed in O. glaberrima. In addition, among 2,451 SSRs detected, the lengths of 1,568 were different. The SSR information found in
this study will be a useful resource for development of new cultivars.
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Whole Genome Sequencing To Evaluate The Contribution Of Transposable Elements
To The Evolution Of Genome Size In Zea

Tenaillon M.I1,2, Hufford M.B3, Chia J-M. 4, Gore M. 5, Costich D. 5,6, Buckler E.S. 5,6, Gaut B.S. 2, Ware D. 4, Ross-Ibarra J. 3
1CNRS,

France
2Univ. of California Irvine, USA
3Univ. of California Davis, USA
4Cold Sping Harbor, USA
5USDA-ARS, USA
6Cornell University, USA

The genome of maize consists mostly of transposable elements (TEs) and varies in size among lines but this variation also extends to other
species of the genus Zea. Using high-throughput sequencing reads mapped to both a database of TEs and to annotated maize genes, we
found that both Class 1 TEs and Class 2 TEs account for a majority of genome size difference between species. In addition, the relative
abundance of TE families was conserved suggesting genome-wide control of TE content rather than family-specific effects. The same
methodology was employed at the intraspecific level on 38 lines (27 maize and 11 teosintes). TE abundance correlated negatively with
genome size but positively with abundance of heterochromatic knob repeats. These results suggest interspecific variation in genome size is
largely determined by TE proliferation while much of the variation within species is due to segregation of large heterochromatic repeats.
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Workshop 4: Natural selection in human populations: beyond classic sweeps
Time and Room: 13:30-16:00, July 27, room S-2
Organizers:
Brenna M. Henn, Stanford University, Stanford, U.S.A.
Jeffrey M. Kidd, Stanford University, Stanford, U.S.A.
Speakers:
Rasmus Nielsen, University of California, Berkeley, U.S.A.
Steve Schaffner, Broad Institute, U.S.A.
Takahiro Maruki, Arizona State University, U.S.A.
Julie Granka, Stanford University, U.S.A.
Shigeki Nakagome, Kitasato University, Japan
Benjamin Peter, University of California, Berkeley, U.S.A.
Jeffrey M Kidd (organizer)
Schedule:
13:30-14:00 Nielsen: Discovering positive and negative selection in the human genome using new-generation sequencing data
14:00-14:30 Schaffner: Characterizing recent positive selection in 1000 genomes data
14:30-15:00 Kidd: Out of Africa migrations determine the distribution of deleterious variants in diverse human genomes
15:00-15:15 Maruki: Strength of purifying selection at a genomic position modulates the estimates of genetic differentiation between
populations
15:15-15:30 Granka: Selective Sweeps in Africans populations driven by demography
15:30-15:45 Nakagome: Population specific distribution of Crohn’s disease risk alleles on the NOD2 locus and natural selection on
standing variation
15:45-16:00 Peter: A method to distinguish selection on standing variation from selection on a new mutation
Discovering positive and negative selection in the human genome using new-generation sequencing data
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Rasmus Nielsen
University of California, Berkeley, U.S.A.
New generation sequencing (NGS) data provide a challenge in population genetic analyses because allele frequencies often are poorly
estimated for such data using naive approaches. I will discuss some statistical approaches for addressing this problem and illustrate them
on some applications to human data. Using a data set of 2,000 humans sequenced at low coverage genome-wide, we show that in human
data, there is a clear correlation between recombination rate and allele frequencies. Such a correlation is predicted from classical models of
selective sweeps. However, using simulations we show that the correlation in humans can be explained by negative selection and that other
genome-wide patterns of variation does not seem to support models that include strong genome-wide effects of selective sweeps.
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Characterizing Recent Positive Selection in 1000 Genomes Data

Sharon R. Grossman1,2,6,10, Ilya Shylakhter1,2,6,10, Shervin Tabrizi1,2,, Daniel J. Park1,2,, Elinor K. Karlsson1,2, Kristian G. Andersen1,2,, Sunny
H. Wong3, Fredrick O. Vannberg3, John L. Rinn1,2,4, Eric S. Lander1,2,5, 1000 Genomes Project, Stephen F. Schaffner2, Pardis C. Sabeti1,2
1Harvard

University, Cambridge, MA, USA
2Broad Institute, Cambridge, MA, USA
3Wellcome Trust, University of Oxford, Oxford, UK
4Beth Israel Deaconess Hospital, Boston, MA, USA
5MIT, Cambridge, MA, USA
6These authors contributed equally to this work.

We applied a recently developed tool, the Composite of Multiple Signals, to detect recent selective sweeps in full human sequence data
from the 1000 Genomes Project. We then fine-mapped a total of 411 candidate regions detected here and in previous studies. Consistent
with previous reports, we found the bulk of signals to arise from partial rather than complete sweeps. Gene classes enriched for positive
selection include ones involved in pigmentation, infectious disease, and immunity. Candidate selected variants were associated with
resistance to tuberculosis and leprosy, and were identified in numerous receptors and modifiers of receptors for major human pathogens.
Candidate causal variants included thirty-two nonsynonymous variants and fifty-three variants associated with gene expression levels.
Fifty-six signals localized to lincRNAs.
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Out of Africa Migrations Determine the Distribution of Deleterious Variants in Diverse Human Genomes

Jeffrey M. Kidd, Brenna M. Henn
Department of Genetics, Stanford School of Medicine, Stanford California USA

The detection of selective sweeps in human populations has received substantial attention over the past few years. Purifying selection is
also beginning to be appreciated as a strong determinant of genomic patterns. However, the role of human demographic history in
constraining the forces of selection is less understood. We predict the ancient bottleneck associated with the Out-of-Africa expansion
50,000 years ago had a lasting effect on current patterns of genetic variation, including altered proportions of deleterious alleles. To test this
hypothesis, we have sequenced full genomes from over 50 individuals from 7 divergent human populations to 6x-15x coverage. These
populations complement the 1000 Genomes Project by establishing a picture of genomic diversity in geographically and ethnically distinct
indigenous groups from Namibia, Congo, Algeria, Pakistan, Cambodia, Siberia and Mexico. We identify alleles inferred to be deleterious
using the predicted impact for protein-coding changes as defined by the PolyPhen-2 algorithm. We further consider the consequences of
population history on variation in extant populations through an analysis of individuals having admixed ancestry. By combining a method
to partition individual genomes into segments of distinct ancestry with variant from full-genome sequence from 10 admixed individuals, we
demonstrate that these same demographic processes effect the patterns of variations within individual genomes. We conclude that ancient
demographic history, in particular severe bottlenecks, contribute to significant differences between human populations in their mutational
load.
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Strength of Purifying Selection at a Genomic Position Modulates the Estimates of Genetic Differentiation between Populations
Takahiro Maruki1,2, Sudhir Kumar1,2, and Yuseob Kim1,2,3
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Selective Sweep Patterns in Human African Populations Driven by Demography

Julie M. Granka, Marcus W. Feldman
Department of Biology, Stanford University, USA

Studies of selective sweeps in human populations have attempted to identify meaningful signals of local adaptation. Using previouslydeveloped summary statistics, we scan for selective sweeps across the genome of 11 African populations, utilizing ~500,000 single
nucleotide polymorphisms (SNPs). Local adaptation would be expected to produce similar signals of selection in populations with similar
environments or subsistence strategies, as previous studies have suggested. However, we discover that extreme allele frequency differences
between populations, as well as regions of the genome appearing to be under selection in multiple populations, are strongly influenced by
demographic history. With a novel permutation method, accounting for genomic parameters such as SNP density, we then conservatively
identify several biological functions enriched in regions of the genome under selection. However, we find that previous attempts to address
this question have likely resulted in many false positives. Our results suggest that current methods to detect positive selection are
extremely sensitive to genomic parameters and to the complex demography of African populations. Appropriate null models are critical in
disentangling the effects of neutral processes and identifying meaningful signatures of natural selection.
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Population specific distribution of Crohn’s disease risk alleles on the NOD2 locus and natural selection on standing variation
Nakagome S.1, Mano S.1, Kozlowski S.2, Bujnicki M. J.2,3, Shibata H.4, Fukumaki Y.4, Kidd J. R.5, Kidd K. K.5, Kawamura S.6, Oota H.7
1The

Institute of Statistical Mathematics, Japan, 2International Institute of Molecular and Cell Biology in Warsaw, Poland, 3Adam
Mickiewicz University, Poland, 4Kyushu University, Japan, 5Yale University School of Medicine, USA, 6University of Tokyo, Japan,
7Kitasato University School of Medicine, Japan

Risk alleles of complex diseases widely spread over human populations. However, little is known about the geographic frequency
distribution, which may explain the ethnic-differences in disease susceptibility and prevalence. We focus on Crohn’s disease (CD) as a
model of evolutionary study of complex disease alleles. Recent genome-wide association studies and classical linkage analyses have
identified more than 70 susceptible genomic regions to CD in Europeans, while few of them have been reproduced in non-European
populations. Our analysis on the eight European-specific susceptibility genes using the HapMap data shows that, only in the NOD2 locus,
the CD-risk alleles are linked with a specific haplotype to CEU whose frequency is significantly higher compared with the entire genome.
We subsequently examined nine global populations, and found that the CD-risk alleles of NOD2 spread through hitchhiking with a highfrequency haplotype (H1) exclusive to Europeans. The time to most recent common ancestor (TMRCA) of the H1 predated the human
dispersal out of Africa. Further, the H1 is likely to have experienced negative selection, because the haplotype (i) includes the most of the
CD-risk alleles and their amino acid substitutions can cause serious conformational and functional changes, (ii) have almost become extinct
in Africa, and (iii) has not been affected by historical European expansion. Nevertheless, the H1 has survived only in European
populations, suggesting the haplotype is advantageous to the populations. Here we propose a hypothesis that the CD-risk alleles have been
maintained by natural selection from the standing variation whereby the deleterious haplotype of NOD2 can become advantageous in
diploid individuals because of heterozygote advantage and/or inter-genic interactions.
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A method to distinguish selection on standing variation from selection on a new mutation

Peter, Benjamin M1. Huerta-Sanchez Emilia1, Vinckenbosch, Nicolas1, Xin Jin2, BGI consortium2, Nielsen, Rasmus1
1Center
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2BGI-Shenzhen, Shenzhen 518083, China

Using DNA polymorphism data to infer selective sweeps from standing genetic variation has been challenging. In contrast to sweeps from
de novo mutations, sweeps from standing variation result in a less apparent pattern of reduced variation, and are therefore harder to detect.
Previously, tests to detect genomic regions under selection generally relied on the site frequency spectrum or the haplotype pattern around a
selected site. Here, we combine statistics based on these approaches in an Approximate Bayesian Computation (ABC) framework, with the
goal of estimating age, selective strength and initial frequency of alleles undergoing a sweep from standing variation. We use simulations to
assess the power of our method and apply it to one of the strongest sweeps currently known in humans: the epas1 gene in Tibetans. While it
is difficult to accurately estimate the frequency of the allele at the time when it was first affected by selection, our method has generally
high power to distinguish between selection from standing variation and selection acting on a de novo mutation.
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Epigenetic facotrs in the evolution of gene regulation

Wen-Hsiung Li1,2 and Yong Woo2
1 Department

of Ecology and Evolution, University of Chicago, USA
2Biodiversity Research Center, Academia Sinica, Taiwan

Chromatin modification is a fundamental mechanism of gene regulation in eukaryotes, but has not been duly included in the study of the
evolution of gene regulation. In this talk, we shall first explain the chromatin structure, the various types of chromatin modifications and
their regulatory functions. We shall then present our study on how chromatin structure may affect gene expression stability and therefore
also the evolution of gene expression. We shall then discuss the issue of how chromatin structure can be stably maintained in the midst of
genetic and environmental changes. We have studied this issue using huge amounts of epigenetic data, transcription factor binding data, and
gene expression data. We found that regions of the human genome that maintain histone modifications among tissues tend to be conserved
in the mouse genome as well. These evolutionarily and environmentally stable histone modifications often occur in regions of overlapped
chromatin modifications, which coincide with clusters of TF binding events. We shall discuss how TF binding events may increase the
overlap and conservation of histone modifications.
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Comparative Analyses of Alternative Splicing Variants between Humans and Mice by Using Full-length cDNAs

Jun-ichi Takeda1, Yutaka Suzuki2, Sumio Sugano2, Tadashi Imanishi1, Takashi Gojobori1,3
1Integrated

Database and Systems Biology Team, Biomedicinal Information Research Center, National Institute of Advanced Industrial
Science and Technology, Tokyo 135-0064, Japan
2Department of Medical Genome Sciences, Graduate School of Frontier Sciences, the University of Tokyo, Kashiwa, Chiba 277-8562,
Japan
3Center for Information Biology and DDBJ, National Institute of Genetics, Shizuoka 411-8540, Japan

Alternative splicing (AS) is one of the posttranscriptional control mechanisms that frequently occurs in higher eucaryotes to produce
different mRNAs from one pre-mRNA by removing their introns in various combinations. To examine the functions of human AS variants,
we used sequences of full-length cDNAs registered mainly in FLJ, MGC and MIPS. Among 92,455 human full-length cDNAs, we
identified 38,169 representative AS variants (RASVs) and 24,249 RASVs that affect function annotations of their protein products.
Moreover, we compared human RASVs with 29,756 mouse ones identified from 121,906 FANTOM3 and MGC full-length cDNAs. As a
result, 196 AS loci consisting of 412 evolutionary conserved RASVs were detected. We will discuss the characterization of evolutionary
conserved and human specific RASVs.
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Peak Periods of Evolutionary Emergence of Tissue-specific Genes

Akiko Ogura Noda1, Takashi Gojobori1,2, Tadashi Imanishi1
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Evolution of new tissues should have occurred with the help of many tissue-specific genes, but it is not yet clear how those genes
contributed. To elucidate this question, we identified 636 human tissue-specific genes from the gene expression data in H-ANGEL and HInvDB databases, and examined when these genes newly emerged in evolution. We found that evolutionary origins of cerebrum-, placentaand kidney-specific genes concentrated in "peak" periods during which 23-41% of tissue-specific genes emerged, coinciding with the
emergence of these tissues. Many genes that are related to the formation of complicated neural network emerged during the peak period of
cerebrum. Many resorption-related genes emerged during the peak period of kidney. These observations indicate that genes related to
specific function of tissues emerged during each peak period.
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Birth and Functional Evolution of Mammalian MicroRNA Genes
Julien Meunier1, Frédéric Lemoine1, Magali Soumillon1, Angélica Liechti1, Manuela Weier1, Haiyang Hu2, Philipp Khaitovich2 and Henrik
Kaessmann1
1Center

for Integrative Genomics, University of Lausanne, Switzerland
Partner Institute for Computational Biology, Shanghai, PR China

2CAS-MPG

Mammalian microRNAs (miRNAs) are major post-transcriptional regulators of gene expression and crucial for many important biological
processes. However, relatively little is known about their evolution because of the lack of appropriate comparative data. Using RNA
sequencing, we generated essentially unbiased miRNA datasets for five organs from five mammals representing all major mammalian
lineages and a bird (the evolutionary outgroup). We identified 230-420 miRNAs in each species, many of which were previously unknown.
Our results reveal that many new miRNA gene families arose in mammals (often in host gene introns), with an accelerated rate (1 new

Systematic Survey of Medium-length ncRNAs in Mammalian Brain Cortex by Deep Sequencing

Ning-Yi SHAO 1, Bin ZHANG 1, Zheng YAN 1, Haiyang HU 1, Philipp KHAITOVICH 1, 2
1Partner

2Max

Institute for Computational Biology, China
Planck Institute for Evolutionary Anthropology, Germany

Medium-length ncRNA (100-200 nucleotides) represent an important ncRNA group that includes, among others, snRNA, snoRNA, and
miRNA precursors. Despite central role of these RNA in basic cellular functions, their expression repertoire and expression divergence
among mammalian species have not been studied systematically. Here, we conducted a comprehensive survey of ncRNA with length
between 100 and 200 nucleotides in the prefrontal cortex of humans, chimpanzees, rhesus macaques, and mice, using strand-specific high
throughput sequencing. In this dataset, we identified large differences in expression of annotated snoRNA and snRNA among the four
species, including a number of human-specific expression changes. Further, we identified and characterized 59 putative novel ncRNA.
Many of these ncRNA were linage specific, indicating rapid evolution of medium-length ncRNA in mammals.
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Genome-wide expression patterns of Arabidopsis thaliana in nature

Ulises Rosas1, Cristina Richards2, & Michael D. Purugganan1
1Center

for Genomics and Systems Biology, New York University, USA
of Arts and Sciences, Univerity of South Florida, USA

2College

Organisms in the real world are exposed to multiple environmental signals and must respond accordingly to the fluctuations found in nature
to maintain fitness. Despite our current understanding, most studies are undertaken in homogenous and simplified environments in
controlled laboratory conditions. Therefore, dissecting gene activity responses in highly complex natural environments remains a challenge
to address. In this study, we analyzed genome-wide expression profiles of two Arabidopsis accessions throughout their vegetative life under
ecological field conditions. The objective was to identify gene expression patterns as a response of particular environmental cues. Two main
trends of gene expression were captured using Principal Component Analysis (PC1 and PC2). Statistical analyses revealed that daily
temperature explained the trend captured by PC1, whereas precipitation and age explained the trend in PC2. Further analyses revealed that
genes driving the variation in PC1 are involved in temperature responses, whereas PC2 was over-represented by hormone stimulus response
genes. This suggests that genes in PC1 and PC2 are required to maintain fitness under fluctuating temperature and drought respectively. To
test this idea, fitness of genotypes with compromised gene activities is currently being assayed in simulated fluctuating environments.
Overall, these results show that a significant amount of over-looked biological information can be dissected from organisms exposed to
complex natural environments.
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Workshop 6: Assessing and visualizing the geographic and temporal structure of biodiversity
Time and Room: 13:30-16:00, July 27, room C-3
Organizers:
Robert G. Beiko, Dalhousie University, Halifax, Canada
Donovan H. Parks, Dalhousie University, Halifax, Canada
Speakers:
J. Duminil, Free University of Brussels. Brussels, Belgium
Takeshi Igawa, Hiroshima University, Higashi-hiroshima, Japan
Y. Ujiie, Kochi University, Kochi, Japan
Alexander Nater,University of Zurich, Switzerland
Yohei Terai, Tokyo Institute of Technology, Tokyo, Japan
Graham Wallis, University of Otago, New Zealand
Robert G. Beiko & Donovan H. Parks (organizer)
Schedule:
13:30-13:55 Beiko: Questions at the interface of evolution, ecology, space and time
13:55-14:20 Parks: GenGIS: A geospatial information system for genomic data
14:20-14:30 Discussion/Short Break
14:30-14:45 Igawa: Population structures and its causal landscapes of two endangered frog species of genus Odorrana - Different scenarios
in two islands
14:45-15:00 Duminil: The relative influence of spatial and temporal gradients on genetic diversity distribution of African tropical species:
The case of Erythrophleum (Leguminosae-Caesalpinioideae)
15:00-15:15 Ujiie: Longitudinal differentiation of pelagic plankton unveiled by phylogeography
15:15-15:30 Nater: Sex-biased dispersal and volcanic activities shaped phylogeographic patterns of extant orangutans (genus: Pongo)
15:30-15:45 Terai: Speciation of deep-water cichlids in the limited light environment in Lake Victoria
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15:45-16:00 Wallis: Extreme positive selection on a ZP-domain glycoprotein in larval galaxiid fishes
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Questions at the interface of evolution, ecology, space and time
Robert G. Beiko
Faculty of Computer Science, Dalhousie University, Halifax, NS Canada

Phylogeography is an old discipline, but concurrent revolutions in sample collection, identification and typing of individuals, GIS, statistics,
bioinformatics and data management are opening up hitherto impossible lines of research to address ages-old questions. For instance, the
classic example of Wallace's Line is now being investigated using genetic techniques applied to microbes and multicellular animals in
terrestrial, avian and marine settings. Recent work has provided new evidence about key questions in biogeography, including:

-

Are microbes limited by dispersal, or only by fitness in particular habitats?

-

What are the key barriers separating populations, and when did they form?

-

Are communities (especially microbial communities) stable, cyclic, or stochastic in their temporal composition?

Finally, recent advances are creating new opportunities for the rapid characterization and ongoing monitoring of organisms in sensitive and
threatened habitats. These new approaches offer the opportunity for establishment of precise biodiversity "baselines" and the rapid
identification of changes in community structure that reflect biotic or abiotic environmental disruptions.
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GenGIS: A geospatial information system for genomic data

Donovan H. Parks and Robert G. Beiko
Dalhousie University, Nova Scotia, Canada

GenGIS is an open-source software package that allows users to visualize and interactively explore georeferenced genetic datasets in order
to investigate the influence of geography and the environment on spatial and temporal patterns of biodiversity. Specific attention has been
placed on visualizing 2D and 3D tree structures within their associated geographic context along with statistical tests for evaluating the
degree to which the topology of a tree correlates with a geographic or ecological gradient. In this presentation, I will give a live
demonstration of applying GenGIS to a set of marine microbial communities sampled as part of Global Ocean Sampling Expedition. These
samples cover a wide latitudinal gradient extending from Halifax, Nova Scotia to the Panama Canal (~9°N to 45°N) and a range of habitat
types (i.e., a freshwater sample, a human impacted embayment, three estuarine samples, and 14 open ocean samples). Using 16S ribosomal
DNA genes from these samples as an indication of their phylogenetic composition, alpha and beta diversity measures are used to investigate
whether these communities form a latitudinal gradient in species richness or more generally if the community composition is a function of
habitat or spatial proximity. A naïve linear regression of the open ocean samples provides statistical evidence for a latitudinal gradient of
‘species’ richness. A phylogenetic beta-diversity analysis suggests environmental conditions strongly influence microbial community
composition. Using GenGIS we show that a visual analysis of this dataset combined with a new tree-based statistical measure provides
strong evidence that the 9 open ocean Northern Atlantic samples are compositionally distinct from the 5 open ocean Caribbean samples.
Within these distinct open ocean habitats, we conclude that there is little evidence of a latitudinal cline of community composition.
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Population structures and its causal landscapes of two endangered frog species of genus Odorrana –Different scenarios in two
islands

Takeshi Igawa1, Shoei Oumi2, Seiki Katsuren3, Masayuki Sumida1
1
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Odorrana ishikawae and O. splendida are sister anuran species endemic to Okinawa and Amami Islands, respectively, of the Ryukyu
Archipelago, and sometime described as the most beautiful frogs in Japan. These two species were listed as class B1 endangered species in
IUCN Red List because of population devastation caused by over hunting and environmental destruction. For conservation concern,
especially for defining Evolutionary Significant Unit (ESU), it is needed to clarify population structures and its causal landscapes in both
species. Therefore, we conducted population genetic analyses using twelve microsatellite loci and landscape genetic analyses combining
GIS-based habitat niche modeling. The population genetic analyses showed that five or four genetically different sub-population of O.
splendidata, while no significant sub-population of O. ishikawae. The landscape genetics revealed that these population structures were
shaped by continuity of topography contributing suitable habitat of the species. In conclusion, the different population structures were
shaped by different patterns of geographic features in the two islands.
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The Relative Influence Of Spatial And Temporal Gradients On Genetic Diversity Distribution Of African Tropical Species: The
Case Of Erythrophleum (Leguminosae-Caesalpinioideae)

Duminil_J1, Bowe_C2, Mardulyn_P1, Brown_ R.P.2 and Hardy_ O.J.1
1

Evolutionary Biology and Ecology Laboratory. Free University of Brussels. Brussels, Belgium
2 Psychology Research Group. Liverpool John Moores University. Liverpool, United Kingdom

The respective role of ecological, historical and stochastic processes on tropical plant African diversity is largely unknown. Yet, African
tropical ecosystems constitute one major terrestrial hotspot of biodiversity that might be strongly impacted by human-induced ecosystem
changes. The understanding of the relative impact of these different processes on the differentiation and speciation of the African tropical
vegetation represents a preliminary step for conservation strategies. In this context, we studied the spatial distribution of the genetic
diversity of two widespread tropical sister-tree species in Africa, using chloroplast and nuclear DNA (microsatellites and DNA sequences).
Firstly we characterised patterns of intra- and inter-specific genetic differentiation of Erythrophleum spp. over their Lower and Upper
Guinea distribution. Species were shown to be geographically distributed in allopatry and to present clear patterns of intra-species
differentiation. We hypothesised that the speciation between the two species was driven by environmental heterogeneity and that intraspecies differentiation was driven by quaternary climatic changes. In order to test these hypotheses we currently conduct an integrated
approach that includes molecular dating, demographic history reconstruction and environmental niche modelling. Altogether different
evolutionary scenario will be tested enabling to differentiate the relative influence of environmental and historical factors on the
diversification of Erythrophleum spp. in tropical Africa.
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Longitudinal Differentiation of Pelagic Plankton Unveiled by Phylogeography

Ujiie Y1, Asami T2, de Garidel-Thoron T3, de Vargas C4
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Sex-biased Dispersal and Volcanic Activities Shaped
Phylogeographic Patterns of Extant Orangutans
(genus: Pongo)
Alexander Nater, Natasha Arora, Maja Greminger, Pirmin Nietlisbach, Carel van Schaik and Michael Krützen
Anthropological Institute and Museum, University of Zurich, Switzerland

The evolutionary history of the species living on the Southeast Asian Sunda archipelago has been drastically influenced by environmental
forces such as fluctuating sea levels, climatic changes and severe volcanic activities. We investigated the impact of these forces on the
phylogeographic patterns and demographic history of orangutans (genus: Pongo). Our study uses the most extensive genetic sampling to
date, covering the entire range of extant populations. Using data from 112 wild orangutans, we show that the deepest split (3.50 mya) in the
mitochondrial DNA phylogeny occurs across the Toba volcano in northern Sumatra. By genotyping 28 microsatellite markers in 240
orangutans, we demonstrate that Sumatran orangutans, like their Bornean counterparts, exhibit a strong, yet previously undocumented
genetic substructure. In stark contrast to both mtDNA and autosomal data, however, 18 Y-chromosomal polymorphisms show a recent
coalescence and no pronounced geographic structuring within both islands. We conclude that volcanic activities and male-biased dispersal
over long distances have played an important role in the evolutionary history of orangutans.
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Speciation of Deep-water Cichlids in the Limited Light Environment in Lake Victoria

Yohey Terai1, Ryutaro Miyagi1, Shinji Mizoiri1, Semvua I. Mzighani1, Mitsuto Aibara1, Hiroo Imai2, Takashi Okitsu3, Akimori Wada3,
Norihiro Okada1
1Tokyo

Institute of Technology, Japan
2Primate Research Institute, Kyoto University, Japan
3Kobe Pharmaceutical University, Japan

Lake Victoria harbors several hundreds of endemic cichlid species. Recently, we demonstrated clear-cut examples of speciation by sensory
drive (adaptation in sensory for signaling systems to different environments cause premating isolation) by showing adaptations of opsins
and divergence in male breeding colorations using rock cichlids. Here, we demonstrate the signatures of speciation by sensory drive in
deep-water cichlids. We collected species from 20 m to the deepest bottom (70 m) in Lake Victoria, and analyzed light environments,
opsins, and breeding colorations. The light components were very limited in deep-water, and cichlid species adapted their long-wavelength
sensitive opsin (LWS) and rod-opsin (RH1) alleles to their ambient light environments. The analysis of breeding coloration with
environmental light showed that the adapted visual pigments can effectively absorb the light reflected by their breeding colorations. These
results demonstrate that the male coloration evolving as a consequence of adaptation of visual sensitivities, leading to reproductive isolation
of deep-water species.

174

Extreme Positive Selection On A ZP-domain Glycoprotein In Larval Galaxiid Fishes

Graham Wallis1, Lise Wallis1, John Brookfield2, Luca Jovine3
1University
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We describe protein sequences for a uromodulin-like larval glycoprotein (LGP) from 20 species of galaxiid fishes, whose MRCA was about
30 Ma. LGP shows an exceptionally strong signal of positive selection over the entire coding region, as evidenced by dN/dS > 1. Across all
species, we obtain a Z-value of 1.62 (P=0.054), rising to 2.49 (P=0.007**) if the genetically distinct G. maculatus is excluded. 169/329
(51%) of residues are variable, 42 have dN/dS > 3, 22 of these being significant with dN/dS values > 5. Genetic distances are, on average,
2.4x larger for coding region (996 bp) than introns (1459 bp). Reading frame, gene structure, splice sites and many ZP motifs are conserved
across all species. We show by 454 sequencing and qPCR on nine species that the transcript is abundant (ca 0.5%) in newly-hatched larvae,
and appears to be almost absent from a range of adult tissues. We postulate that this strong Darwinian protein evolution may reflect
immuno-protection at the vulnerable larval stage.
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Workshop 7: Comparative and evolutionary neurogenomics in humans and non-human primates
Time and Room: 16:30-19:00, July 27, room S-2
Organizers:
Philipp Khaitovich, Partner Institute of Computational Biology, Shanghai, China
Yasuhiro Go, Kyoto University, Japan
Speakers:
Tetsuo Yamamori, National Institute for Basic Biology, Okazaki, Japan
Yuka Imamura Kawasawa, Yale University School of Medicine, U.S.A.
Christiane Schreiweis, Max-Planck-Institute for Evolutionary Anthropology, Germany
Courtney Babbitt, Duke University, Durham, U.S.A.
Athma Pai, University of Chicago, Chicago, U.S.A.
Takuya Imamura, Kyoto University, Kyoto, Japan
Philipp Khaitovich (organizer)
Schedule:
16:30-16:35 Go: Introduction
16:35-17:00 Yamamori: Selective gene expresion in regions of primate neocortex: implication for cortical specialization
17:00-17:20 Imamura Kawasawa: Spatiotemporal transcriptome of the human brain
17:20-17:40 Khaitovich: Transcriptome sequencing in human brain evolution
17:40-18:00 Schreiweis: Altered learning in mice carrying the human version of Foxp2, a promising candidate gene for human language
and speech evolution
18:00-18:20 Babbitt: Conservation and function of noncoding RNAs in primate brain evolution
18:20-18:40 Pai: A comparative study of genetic and epigenetic regulatory mechanisms in primates
18:40-19:00 Imamura: Species-specific promoter-associated noncoding RNA mediates DNA demethylation in macaques
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Selective gene expression in regions of primate neocortex: implication for cortical specialization

Tetsuo Yamamori
National Institute for Basic Biology, Japan

The neocortex has evolved to play important roles in cognitive and perceptual functions. The concept of localization of different functions
in different regions of the neocortex was well established within the last century. Studies on the formation of the neocortex using molecular
biollogy and genetic manupulation have advanced to clarify the mechanisms that control neural differentiation and sensory projections.
However, mechanisms underlying cortical area specialization remain unsolved. To address this problem, our approach has been to isolate
and characterize the genes that are selectively expressed in particular subsets of primate neocortical areas; the areas of which are most
distinctive among mammalian neocortices. We have identified two major classes of genes that are specifically expressed in the adult
macaque monkey neocortical areas: One is expressed in the primary sensory areas, particularly in V1 and the other is expressed in the
association areas. The genes that show these areal selective expression patterns are limited to only several gene families in our large-scale
screenings. I will discuss the functional significance of these genes and implication for neocortical specialization.
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Spatiotemporal transcriptome of the human brain
Hyo Jung Kang1*, Yuka Imamura Kawasawa1*, Feng Cheng1*, Ying Zhu1*, Xuming Xu1*, Mingfeng Li1*, André M. M. Sousa1,2, Mihovil
Pletikos1,3, Kyle A. Meyer1, Goran Sedmak1,3, Tobias Guennel4, Yurae Shin1, Matthew B. Johnson1, Željka Krsnik1, Simone Mayer1,5, Sofia
Fertuzinhos1, Sheila Umlauf6, Alexander Vortmeyer7, Daniel R. Weinberger8, Shrikant Mane6, Thomas M. Hyde8,9, Anita Huttner7, Mark
Reimers4, Joel E. Kleinman8, Nenad Šestan1
1Department

of Neurobiology and Kavli Institute for Neuroscience, Yale University School of Medicine, New Haven, Connecticut 06510,
Program in Areas of Basic and Applied Biology, Abel Salazar Biomedical Sciences Institute, University of Porto, Porto,
Portugal. 3Graduate Program in Neuroscience, Croatian Institute for Brain Research, University of Zagreb School of Medicine, Zagreb,
Croatia. 4Department of Biostatistics, Virginia Commonwealth University, Richmond, Virginia 23298, USA. 5International Max Planck
Research School for Molecular Biology, Göttingen, Germany, 6Yale Center for Genome Analysis, Yale University School of Medicine, New
Haven, Connecticut 06510, USA. 7Department of Pathology, Yale University School of Medicine, New Haven, Connecticut 06510, USA.
8Clinical Brain Disorders Branch, National Institute of Mental Health, National Institutes of Health, Bethesda, Maryland 20892, USA. 9The
Lieber Insitute for Brain Development, Johns Hopkins University Medical Center, Baltimore, Maryland 20892, USA
USA. 2Graduate

* These authors contributed equally to this work.
We report the generation and analysis of genome-wide exon-level transcriptome data from 57 postmortem human brains, spanning from
embryonic development to late adulthood. The dataset was generated from 1,340 samples collected from 16 brain regions of both
hemispheres. We found that approximately 86% of protein-coding genes are expressed above background, and over 90% of these are
differentially regulated at the whole transcript or exon level across regions and/or time. We found that the developing transcriptome is
organized into functionally distinct large-scale networks of co-regulated transcripts. We also identified distinct spatiotemporal gene
expression signatures between hemispheres, sexes, and in groups of genes associated with specific neurobiological processes and
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neuropsychiatric diseases. This study provides a comprehensive dataset on the spatiotemporal human brain transcriptome, and new insights
into the transcriptional foundations of brain development and evolution.
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Altered learning in mice carrying the human version of Foxp2, a promising candidate gene for human language and speech
evolution
Christiane Schreiweis
Max-Planck-Institute for Evolutionary Anthropology, Germany

Language is a uniquely human trait and genetic changes during human evolution have certainly contributed to adapt the underlying neural
components. To date, two amino acid changes in the transcription factor FOXP2 are the best candidates for such adaptations, as they likely
were positively selected during human evolution and because FOXP2 is the only single gene discovered so far firmly linked to speech and
language development.
The current challenge of anthropological evolutionary genetics is to functionally link such candidate genes with correspondent phenotypes.
Therefore, we introduced the human-specific base substitutions of Foxp2 into the endogenous Foxp2 gene of mice. It was shown that the
resulting two human amino acid changes specifically affect cortico-basal ganglia circuits on a molecular, neuroanatomical and
electrophysiological level. This includes increased dendrite length as well as enhanced long-term depression (LTD) in the “humanized”
mice within those circuits.
Recently, we investigated learning strategies used by these mice compared to their wild-type siblings in various maze paradigms. We find
that humanized Foxp2 leads to enhanced efficiency of stimulus-response learning due to a stronger tendency for procedural versus
declarative strategies, if both strategies are offered or required. This behavioral phenotype coincides with an altered balance of synaptic
plasticity in the dorsomedial versus dorsolateral striatum, which are, respectively, associated with declarative and procedural learning. Our
findings suggest that human FOXP2 might have altered the balance of cortico-basal ganglia circuits and learning depending on those
circuits. Such a shift could be important for the evolution of vocal learning in general and for language and speech in particular.
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Conservation and function of noncoding RNAs in primate brain evolution
Courtney C. Babbitt1,2, Lisa R. Warner1, Olivier Fedrigo1,2, and Gregory A. Wray1,2,3
1. Department of Biology, Duke University
2. Institute for Genome Sciences & Policy, Duke University
3. Department of Evolutionary Anthropology, Duke University
Changes in the expression of genes play an important role in the evolution of phenotypes, however, protein-coding DNA is not the
only DNA to be transcribed. Yet, it is currently unclear what fraction of noncoding transcripts are biologically relevant. Evolutionary
conservation at the level of sequence, position, and expression is one approach for understanding transcript functionality. Here, we used
directional paired-end RNA-Seq and Tag-Seq data to assess changes in global transcript abundance in the frontal cortex and cerebellum of
humans, chimpanzees, and rhesus macaques. We assayed expression in noncoding intergenic regions, including both sense and antisense
(relative to nearby genes) noncoding transcripts. We find that an abundance of noncoding transcripts, including many never previously
annotated, are conserved in both location and expression level between species, suggesting a possible functional role for the broader
category of conserved transcripts.
We find a significant enrichment of intergenic RNA expression in regions flanking both the 3’ and 5’ regions of protein-coding genes.
While the expression of noncoding RNAs are more conserved than expected by chance, expression levels can change rapidly over
evolutionary time, with sense transcripts more conserved than antisense noncoding RNAs. We also find a negative correlation between
5’flanking antisense transcripts and the expression of the downstream gene, suggesting that these antisense transcripts are playing a
regulatory, possibly repressive, role for nearby genes. Looking more broadly over multiple lineages, we report on which structural and
functional classes of RNA are differentially conserved within and between lineages, and which are subject to selective pressures.
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Comparative approaches may provide important insights into genes responsible for differences in cognitive functions between humans and
non-human primates, as well as highlighting new candidate noncoding transcripts for studies investigating neurological disorders.
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A Comparative Study of Genetic and Epigenetic Regulatory Mechanisms in Primates
Athma Pai and Yoav Gilad
Department of Human Genetics, University of Chicago, Chicago, IL, USA

The extent to which different regulatory mechanisms underlie gene expression differences between primates is not yet known. Therefore,
we investigated the contribution of changes in DNA methylation, histone modifications, and transcription factor (TF) binding to regulatory
differences between species. We collected gene expression data, obtained profiles of epigenetic markers and used DNase-seq to obtain TF
footprints in lymphoblastoid cell lines and primary tissues from humans, chimpanzees, and rhesus macaques. We found strong evidence for
conservation of inter-tissue DNA methylation patterns, histone modification localization, and TF binding sites in primates. Regardless of
species, highly expressed genes are more likely than lowly expressed genes to have an absence of DNA methylation at their proximal
promoters and the presence of H3K4me3 histone modifications near their transcription start sites. We observed an enrichment of interspecies differences in DNA methylation and histone modifications in genes that are differentially expressed between species. We estimate
that, in the tissues we studied, as much as 15% of inter-species gene expression differences may be explained, at least in part, by epigenetic
changes. Finally, we characterized the extent to which differences in TF binding may underlie interspecies gene expression differences.
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Species-specific promoter-associated noncoding RNA mediates DNA demethylation in macaques
Takuya IMAMURA1, Masahiro UESAKA1,2, Kiyokazu AGATA1,2
1Laboratory

for Biodiversity, Global COE Program
2Laboratory for Molecular Developmental Biology, Department of Biological Science, Graduate School of Science, Kyoto University,
Japan

Genetic and epigenetic difference underlies the species-specific morphology and functions in mammalian brains. In this study, we
attempted to see if noncoding RNA mediated the epigenetic regulation in a species-dependent manner. Using promoter arrays, we found
that 5’-flanking sequences of genes were targeted to get insertions that seemed stabilized ~2 time more frequently in macaques than in
mice. Contrary to the expectation that such insertions have been acutely inactivated by epigenetic mechanisms, these have indeed become
templates for antisense noncoding RNA (>200 nt in size) production. Several transfection experiments showed that, together with
glycosylase(s), these promoter-associated noncoding RNAs (pancRNAs) could function to demethylate the in vitro methylated DNA
templates in a sequence-manner to activate the downstream reporter expression in HEK293 cells. Here, we propose an epigenetic
mechanism in which a fraction of species-specific pancRNAs differentially marks gene regulatory elements, that may generate the diversity
of the brain functions.
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Workshop 8: Virus evolution
Time and Room: 16:30-19:00, July 27, room S-3
Organizer: Yoshiyuki Suzuki, Nagoya City University, Japan
Speakers:
Joel Wertheim, University of California, San Diego, U.S.A.
Takashi Abe, Nagahama Biological University, Nagahama, Japan
Kimihito Ito, Hokkaido University, Sapporo, Japan
Yuki Kobayashi, Nagoya City University, Nagoya, Japan
Asif U. Tamuri, MRC National Institute for Medical Research, U.K.
So Nakagawa, National Institute of Genetics, Mishima, Japan
Marta L. Wayne, University of Florida, U.S.A.
Schedule:
16:30-16:35 Suzuki: Introduction
16:35-17:00 Wertheim: Purifying selection can obscure the ancient age of viral lineages
17:00-17:25 Abe: Prediction of directional changes of influenza A virus genome sequences using BLSOM with emphasis on pandemic
H1N1/09
17:25-17:50 Ito: Prediction of amino acid substitutions on the hemagglutinin molecules of antigenic variants of influenza A viruses
17:50-18:15 Kobayashi: No evidence for natural selection on endogenous borna-like nucleoprotein elements in primates
18:15-18:30 Tamuri: Site-wise mutation-selection models to estimate the distribution of selection coefficients from phylogenetic data
18:30-18:45 Nakagawa: Dynamic evolution of endogenous retrovirus-derived genes for placentation: An RNA-seq study of trophoblast cell
in Bos taurus
18:45-19:00 Wayne: Molecular basis of evolution of virulence in sigma virus in Drosophila
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Purifying selection can obscure the ancient age of RNA viruses
Joel O. Wertheim
University of California, San Diego, U.S.A.

Statistical methods for molecular dating of viral origins have been used extensively to infer the time of most common recent ancestor for
many rapidly evolving pathogens. However, there are a number of cases in which epidemiological, historical, or genomic evidence suggests
much older viral origins than those obtained via molecular dating. We demonstrate how pervasive purifying selection can mask the ancient
origins of recently sampled pathogens, in part due to the inability of nucleotide-based substitution models to properly account for complex
patterns of spatial and temporal variability in selective pressures. We use codon-based substitution models to infer the length of branches in
viral phylogenies; these models produce estimates that are often considerably longer than those obtained with traditional nucleotide-based
substitution models. Correcting the apparent underestimation of branch lengths suggests substantially older origins for measles, Ebola, and
avian influenza viruses. This work helps reconcile some of the inconsistencies between molecular dating and other types of evidence
concerning the age of viral lineages.
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Prediction of Directional Changes of Influenza A Virus Genome Sequences using BLSOM with Emphasis on Pandemic H1N1/09

Yuki Iwasaki, Kennosuke Wada, Masae Itoh, Toshimichi Ikemura, Takashi Abe
Nagahama Institute of Bio-Science and Technology

Influenza viruses cause a significant threat to public health, as exemplified by the recent introduction of the new pandemic strain H1N1/09
into human populations. Pandemics have been initiated by the occurrence of novel changes in animal sources that eventually adapt to
human. One important issue for evolutionary studies of influenza viruses is to predict genome sequence changes that will become
hazardous. We previously established a sequence alignment-free clustering method “BLSOM” for oligonucleotide composition, which can
characterize and compare even one million genomic sequences on one plane. A strategy that can compare vast numbers of genomic
sequences at once becomes increasingly important in evolutionary studies of microbial genomes because of the remarkable progress of
high-throughput DNA sequencing methods. We applied BLSOM to analyze all influenza A virus genome sequences and found the new
pandemic H1N1/09 to have peculiar sequence characteristics, and therefore, could establish a strategy to predict directional changes of
H1N1/09 sequences in the near future. This prediction of directional changes could be confirmed by analyzing the recently isolated
H1N1/09 strains. The present strategy is widely applicable for predicting directional sequence changes of other zoonotic virus genomes.

Reference: Iwasaki et al. (2011) DNA Res.18, 125-136.
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Prediction of amino acid substitutions on the hemagglutinin molecules of
antigenic variants of influenza A viruses

Kimihito Ito
Hokkaido University Research Center for Zoonosis Control, Japan

Human influenza A viruses undergo antigenic changes with gradual accumulation of amino acid substitutions on the hemagglutinin (HA)
molecule. A strong antigenic mismatch between vaccine and epidemic strains often requires the replacement of influenza vaccines
worldwide. To establish a practical model enabling us to predict the future direction of the influenza virus evolution, relative distances of
amino acid sequences among past epidemic strains were analysed by multidimensional scaling (MDS). We found that human influenza
viruses have evolved along a gnarled evolutionary pathway with an approximately constant curvature in the MDS-constructed 3D space.
The gnarled pathway indicated that evolution on the trunk favoured multiple substitutions at the same amino acid positions on HA. We also
found that a mathematical model could predict the relative sequence distances among past epidemic strains. Retrospective tests for 12 years
showed that the model could predict the direction of the evolution of human H3N2 viruses with high accuracy. Through these technologies,
we investigate the past, current and future evolution of influenza A viruses.
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No evidence for natural selection on endogenous Borna-like nucleoprotein elements in primates

Yuki Kobayashi
Graduate School of Natural Sciences, Nagoya City University

Endogenous Borna-like nucleoprotein (EBLNs) elements were recently discovered as non-retroviral RNA virus elements derived from
bornavirus in the genomes of various animals. Most of EBLNs appeared to be defective, but some of primate EBLN-1 to -4, which
appeared to be derived from independent integrations of bornavirus nucleoprotein (N) before the divergence between Old World and New
World monkeys, have retained an open reading frame (ORF) for more than 40 million years. It was therefore possible that primate EBLNs
have encoded functional proteins during evolution. To examine this possibility, natural selection operating on all ORFs of primate EBLN-1
to -4 was examined by comparing the rates of synonymous and nonsynonymous substitutions. The expected number of premature
termination codons in EBLN-1 generated after the divergence of Old World and New World monkeys under the selective neutrality was
also examined by Monte Carlo simulation. Negative selection was detected at the basal branch of the phylogenetic tree constructed for
ORF1 of EBLN-1 and ORF1a of EBLN-2, which appeared to reflect the evolution of bornavirus N gene. However, natural selection was
not identified for the entire region as well as parts of ORFs in the pairwise analysis of primate EBLN-1 to -4. In addition, natural selection
was not detected for any branches of the phylogenetic trees constructed for ORFs of EBLN-1 to -4 after the integrations. Computer
simulation indicated that the absence of premature termination codon in the present-day EBLN-1 does not necessarily support the
maintenance of function after the divergence of Old World and New World monkeys. These results suggest that primate EBLN-1 to -4 may
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not have been functional after the integrations into the primate genome.
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Site-wise Mutation-Selection Models to Estimate the Distribution of Selection Coefficients from Phylogenetic Data

Asif U Tamuri, Mario dos Reis and Richard Goldstein
MRC National Institute for Medical Research, U.K.

Estimation of the distribution of selection coefficients of mutations (S=2Ns) is an important issue in molecular evolution. A few
phylogenetic based models (in contrast to population based) have been used to deduce the shape of the distribution from sequence data. We
describe the use of a site-wise mutation-selection phylogenetic model to estimate the distribution of selection coefficients among mutations
and substitutions in a protein gene. We test the model on mammalian mitochondrial genomes and a set of PB2 proteins from influenza and
show that the model is able to reveal both strong and weak fitness effects. We find a bi-modal distribution of selection coefficients for novel
mutations in both data sets, with most mutations being highly deleterious. After a birds-to-human host shift event in influenza, we find a trimodal distribution with a proportion of definitely adaptive mutations.
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Dynamic evolution of endogenous retrovirus-derived genes for placentation:
An RNA-seq study of trophoblast cell in Bos taurus

So Nakagawa
National Institute of Genetics, Japan

It is known that some envelope (env) genes derived from endogenous retroviruses (ERVs) gain function in the host organisms, such as
syncytin-1 for placentation in humans. Although placenta is an essential organ for all placental mammals, genes responsible for the cell
fusion process in placentation are still missing in various mammals including bovine species. To identify the env-derived genes involved in
placentation in the bovine genomes, we characterized the expression profile of bovine conceptuses during implantation period using a highthroughput sequencer, SOLiD3. Among 1542 env genes in the bovine genome, the mapped reads from SOLiD3 showed that about 18
percent (284 genes) of env genes can be expressed during placenta formation. We verified three env genes that are expressed during
placentation by PCR. Out of these three, the phylogenetic analysis of the gene with the longest ORF indicated that the gene is similar to
syncytin genes in other mammals although those genes originated differently. These results indicated that various env genes can be
involved in placentation, supporting the hypothesis that genes responsible for placentation can be replaced due to several occasions of
retroviral infections through evolution.
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Molecular Basis of Evolution of Virulence in Sigma Virus in Drosophila

Wayne, M. L., Brusini, J., Wang, Y., and Patel, M.
University of Florida, USA

Understanding why parasites are virulent remains a challenge to disease biology, despite decades of theoretical work. The most widely
accepted explanation is the tradeoff hypothesis for virulence evolution. The tradeoff arises as a result of two testable assumptions: 1) harm
to host reduces parasite fitness by reducing transmission duration, thus producing selective pressure to reduce virulence; and 2) virulence is
causally correlated with transmission, thus producing selective pressure to increase virulence. Parasite titer underlies both assumptions: as
host resources are diverted to produce parasite, host fitness should decrease as titer increases. And, titer is positively correlated with
transmission. Using the well-studied system of the rhabdovirus sigma in Drosophila melanogaster, we test the second assumption, that
virulence and transmission are positively correlated, by performing artificial selection for viral titer (estimated by QPCR) in highly inbred
flies. Replicate lines responded to selection for titer. Moreover, we saw a correlated response to selection for virulence. Thus, our data are
consistent with the hypothesis that virulence and titer are causally related. We sequenced the viral strains resulting from selection and are
analyzing fixed differences to identify candidate changes for response to selection.
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Workshop 9: Modeling protein structural and energetic constraints on sequence evolution
Time and Room: 16:30-19:00, July 27, room S-4
Organizer: David A. Liberles, University of Wyoming, Laramie, U.S.A.
Speakers:
Richard Goldstein, MRC National Institute for Medical Research, London, U.K.
David Pollock, UC Colorado School of Medicine, U.S.A.
Teruaki Watabe, Kochi University, Kochi, Japan
David Bogumil, Heinrich Heine-University Duesseldorf, Germany
Olivier Tenaillon, University of California Irvine, U.S.A.
David Liberles (organizer)
Schedule:
16:30-17:00 Goldstein: Analysing site-wise selective constraints using codon-based mutation selection models
17:00-17:30 Pollock: Modeling structural context dependence and coevolution dependent mixture models
17:30-18:00 Watabe: Structural considerations in the fitness landscape of a virus
18:00-18:30 Liberles: The evolution of protein sequences under structural and functional constraint
18:30-18:45 Bogumil: Ten chaperone modules fold and mediate evolution of ten protein classes in yeast
18:45-19:00 Tenaillon: The molecular diversity of adaptive convergence to high temperature in 115 Escherichia coli populations
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Analysing Site-Wise Selective Constraints Using
Codon-Based Mutation Selection Models

Richard A Goldstein1, Asif U. Tamuri1, Mario dos Reis1,2, Grant W. Thiltgen1
1National

Institute for Medical Research, United Kingdom
2University College London, United Kingdom

We describe the use of a site-wise mutation-selection phylogenetic model to analyse a set of mammalian mitochondrial genomes and a set
of PB2 proteins from influenza. The results of these models provide us with a distribution of the fitness effects for new mutations, both
under conditions of mutation-selection equilibrium as well as during adaptive episodes. In addition, by considering the structure and
physiological context of the proteins, we can characterise the selective constraints acting on different locations in the protein, helping us to
understand how proteins maintain their structure and function in a cellular context.
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Modeling Structural Context Dependence and Coevolution Dependent Mixture Models

David Pollock
UC Colorado School of Medicine, U.S.A.

I will discuss progress in developing what we call “dependent” mixture models to allow greater flexibility in modeling structural features
and coevolution without over-parameterizing.

197

Structural Considerations in the Fitness Landscape of a Virus

Teruaki Watabe1, Hirohisa Kishino2
1

Center of Medical Information Science, Kochi University, Kochi, Japan,
School of Agriculture and Life Science, University of Tokyo, Tokyo, Japan

2 Graduate

Viral fitness is determined by replication within-hosts and transmission between them. We examine how pleiotropic mutations that have
antagonistic effects on viral replication within hosts can impact viral immune escape in the host population. The reduced ability of the
antibody to bind the virus is often accompanied by a reduced ability of the virus to bind the cell receptor, because the antibody-binding
region overlaps with the receptor-binding domain. The types of permitted mutations are limited. To investigate the causal relation between a
mutation in a viral genome and adaptive evolution of a viral population, we developed a mathematical model that describes the population
dynamics of viruses, antibodies and normal/infected cells within a host. Using population genetic theory, we evaluated the probability that a
mutant is fixed in a host population. We simulate the adaptive evolution of coronavirus, the etiological agent of severe acute respiratory
syndrome, and show that some of mutations in the receptor-binding domain may have high fixation probabilities in the host population.
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The Evolution of Protein Sequences Under Structural and Functional Constraint

David A. Liberles and Johan A. Grahnen
Department of Molecular Biology, University of Wyoming, Laramie, WY 82071, USA

	


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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Ten chaperone modules fold and mediate evolution of ten protein classes in yeast

David Bogumil1, Giddy Landan2, Judith Ilhan1, Tal Dagan1
1 Institute

of Botany III, Heinrich-Heine University Düsseldorf, Düsseldorf, Germany
2 Department of Biology & Biochemistry, University of Houston, Houston, Texas 77204-5001, USA

The molecular diversity of adaptive convergence to high temperature in 115 Escherichia coli populations.
Tenaillon O.1,2, Gaut B.S. 1, Long A.D. 1, Bennett A.F. 3
1Univ.

of California Irvine, USA
2INSERM, France

Unravelling the molecular basis of adaptation is a major focus in evolutionary biology, yet the multiplicity of the adaptive responses to a
given environment remains largely unknown. To analyse this diversity, we evolved 115 lines of Escherichia coli at high temperature for
2000 generations and sequenced their genomes. Based on synonymous versus non-synonymous mutation rates comparison, we estimated
that ~80% of observed non-synonymous changes were adaptive. Convergence among lines varied according to (i) the type of mutations,
large deletions being more prone to repeated occurrence than point mutations; (ii) the level at which it was integrated. Convergence was
low when defined at mutation level, but increased drastically when based on shared changes at the level of genes, operons or functional
units such as protein complex or metabolic pathways. While a few functional units were repeatedly targeted by selection, a large panel of
competing mutations could produce the selected phenotypic changes and affect drastically the subsequent selection of phenotypically
equivalent mutation. Our data therefore support a highly dynamic distribution of beneficial mutations with strong epistatic interactions.
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Workshop 10: Molecular biology and evolution of blood group and MHC antigens in primates
Time and Room: 9:30-12:00, July 28, room S-3
Organizers:
Antoine Blancher, University Paul Sabatier, Toulouse III, France
Takashi Shiina, Tokai University School of Medicine, Isehara, Japan
Speakers:
Jacques Le Pendu, INSERM, Univertsity of Nantes, France
Takashi Kitano, Ibaraki University, Hitachi, Japan
Naruya Saitou, National Institute of Genetics, Mishima, Japan
R. W. Wiseman, University of Wisconsin - Madison, U.S.A.
Yoko Satta, The Grauate University for Advanced Studies (Sokendai), Hayama, Japan
Takashi Shiina (organizer)
Antoine Blancher (organizer)
Schedule
9:30- 9:50 Le Pendu: Potential involvement of histo-blood group antigens (HBGAs) in host-Calicivirus co-evolution
9:50-10:10 Kitano: The functional A allele was resurrected via recombination in the human ABO blood group gene
10:10-10:30 Saitou: No distinction of orthology/paralogy among human and chimpanzee Rh blood group genes
10:30-10:50 Shiina: Elucidation of genomic structure and diversity in cynomolgus macaque MHC region toward biomedical research
10:50-11:10 Wiseman: High-throughput pyrosequencing for MHC characterization in diverse nonhuman primates
11:10-11:30 Satta: PBR, peptides, and functional divergence in MHC
11:30-11:50 Blancher: Impact of MHC polymorphism on various biological parameters in Macaca fascicularis
11:50-12:00 Discussion
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Potential involvement of histo-blood group antigens (HBGAs) in host-Calicivirus co-evolution

Jacques Le Pendu
Inserm, U892, Université de Nantes, Nantes, France

Many Caliciviruses bind to carbohydrates and among these the HBGAs, which show a polymorphism within the host species, are common
ligands of many norovirus and lagovirus strains (RHDV). The many strains of norovirus that bind to HBGAs can collectively infect all
humans but each strain infects a subgroup of the population only, based on HBGAs polymorphism. These observations are suggestive of a
past co-evolution of humans and noroviruses that led to a trade-off where the human population is partly protected whilst the virus
circulation is maintained. We termed « Herd Innate Protection » the partial protection provided by the HBGAs polymorphism.
Demonstrating that such a co-evolution scenario actually took place is not straightforward. Although analysis of the evolution of
glycosyltransferase genes involved in HBGA synthesis is consistent with their playing a role in host-pathogen interactions, direct evidence
of related genetic changes in both humans and noroviruses through time cannot be obtained. Given its recent emergence, its high virulence
and its ability to bind to HBGAs, RHDV is expected to exert a strong selective pressure on some glycosyltransferase genes of rabbits,
providing a model suitable for studying Calicivirus-host co-evolution based on field observations. Our recent results using this hostpathogen pair provide evidence for evolution of the virus ability to recognize the host HBGA diversity and for strain-dependent selection at
the α1,2-fucosyltransferases locus and of ABO phenotypes following outbreaks. This suggests that a host-pathogen co-evolution involving
HBGA recognition is indeed taking place with selection for adaptation and counter-adaptation in both the host and the pathogen.
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The Functional A Allele was Resurrected via Recombination in the Human ABO Blood Group Gene

Takashi Kitano1, Antoine Blancher2, Naruya Saitou3
1

2

Department of Biomolecular Functional Engineering, College of Engineering, Ibaraki University, Hitachi, 316-8511, Japan
Laboratoire d’Immunogénétique Moléculaire, EA3034, Université Paul Sabatier, IFR150, Hôpital Raungueil, TSA 50032, 31059 Toulouse
Cedex 9, France
3 Division of Population Genetics, National Institute of Genetics, Mishima, 411-8540, Japan

The human ABO blood group system consists of three allele groups: A, B, and O. A and B allele groups, defined by two critical sites in
exon 7, code for glycosyltransferases, which transfer N-acetylgalactosamine and galactose, respectively, to a common precursor. The most
frequent O alleles have one-base deletion in exon 6 producing a frameshift, and it has the A type signature in two critical sites. Here we
conducted a phylogenetic network analysis using seven representative haplotypes: A101, A201, B101, O01, O02, O09, and O47. The
phylogenetic network indicated that the A allele, once extinct in the human lineage long time ago, was resurrected by a recombination
between B and O alleles less than thirty thousand years ago.
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No distinction of orthology/paralogy among human and chimpanzee Rh blood group genes

Elucidation Of Genomic Structure And Diversity In Cynomolgus Macaque MHC Region Toward To Biomedical Research

Takashi Shiina1, Shingo Suzuki1, Keiko Tanaka1, Hisashi Yamanaka2, Hiroshi Nakagawa2, Masao Ota3, Hidetoshi Inoko1 Ryuzo Torii4,
Kazumasa Ogasawara4
1Tokai

University School of Medicine, Japan
2Ina Research Inc., Japan
3Shinshu University School of Medicine,, Japan
4Shiga University Medical School, Japan

The cynomolgus macaque (Macaca fascicularis) has emerged as an important experimental animal model for biomedical research in
various domains. In order to effectively use the cynomolgus macaques for medical research, especially transplantation of iPS differentiated
cells, the response to drugs and sensitivity to experimental disease, it is necessary to better understand the genetic diversities between and
within the different populations. From our previous studies the large level of polymorphism and diversity at the MHC (Mafa) genes was
less evident in the Filipino than in the Vietnam or the Indonesian populations, which may have important implications in animal capture,
selection, and breeding for medical research. Therefore, we are forwarding a variety of genetic analyses of the Mafa genes in Filipino
population toward for medical research. Here, we report an overview of genomic structures of the primate Mafa regions, genetic features of
newly detected 50 Mafa alleles and 10 Mafa-B haplotype structures elucidated by next generation sequencing and Sanger sequencing, and
identification and characterization of four Mafa homozygote animals having high frequent Mafa haplotypes by large scale screening of over
one thousand animals.
206

High-throughput Pyrosequencing For MHC Characterization In Diverse Nonhuman Primates

Wiseman, RW1, Karl, JA1, Lank, SM1, Budde, ML1, Norante, FA1, Clark, JT1, Bohn, PS1, Golbach, B1, O'Connor, DH1,2
1Wisconsin

2Department

National Primate Research Center
of Pathology and Laboratory Medicine, University of Wisconsin-Madison, USA

We have developed a robust, high-resolution approach for MHC class I and DRB genotyping of nonhuman primates. MHC transcript
profiles are determined by massively parallel Roche/454 pyrosequencing of cDNA amplicons. Genotyping studies utilize a universal 568bp

PBR, Peptides, and Functional divergence in MHC
Yoko Satta and Yoshiki Yasukochi
Department of Evolutionary Studies of Biosystems
The Graduate University for Advanced Studies (SOKENDAI)
Hayama, Kanagawa, JAPAN

In MHC evolution, it is interesting to know how PBR (Peptide Binding Region) has diverged in order to cope with environmental
parasites. In general at HLA, there are so-called “allelic lineages,” each of which is believed to have similar function, i.e. similar
repertoire of binding peptides. The number of alleles reported enormously increased at HLA as well as at non-human primate MHC. To
know the diversification of alleles at PBR in primates, molecular evolutionary analyses of PBR and non-PBR regions at both HLA and
non-human primate MHC were accomplished. Our interests in whether PBR sequences show indeed trans-specific polymorphism.
Especially, in the rhesus macaque genome, there are multiple copies at MHC A and B loci, which duplicated specifically in Old world
monkeys. The variety at PBR of these copies is compared to that of HLA and the evolutionary mode of nonhuman primate MHC,
especially that in macaques, is argued in association with possible functional divergence.
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Impact of MHC Polymorphism on Various Biological Parameters in Macaca fascicularis

Blancher A.1, Aarnink A.1, Bonhomme M. 1, Puissant B.1, Apoil PA.1, Le Grand R.2
1UPS,
2CEA,

Toulouse III, France
Fontenay aux Roses, France

The Macaca fascicularis (Mafa) is an animal model used in various fields of experimental medicine especially in immunopathology. The
impact of the MHC polymorphisms on the immune responses imposes to control the MHC genotype of the animals enrolled in the
protocols. By means of the UNPHASED software, we analyzed the associations between various biological parameters and 20
microsatellites spread along the MHC. By the study of 45 Mauritian macaques, inoculated with SIVmac251, we observed that the log of the
plasma viral load at the set point is significantly influenced by the MHC class IB region. Secondly, we have studied the influence of MHC
polymorphism on various blood parameters of 200 healthy Filipino Mafa. We revealed a significant influence of the MHC class II region on
the CD4+ T lymphocyte blood count. Finally, the comparison of He and FST in four Mafa populations (Mauritius, Vietnam, Java and the
Philippines) demonstrated that the MHC class III region could have been under positive selection in the Philippine population.
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Workshop 11: Selective sweeps in complex demographic and genetic systems
Time and Room: 9:30-12:00, July 28, room C-3
Organizer: Kristan Schneider, University of Vienna, Austria
Speakers:
Jeffrey Jensen, University of Massachusetts, Medical School, U.S.A.
Yuseob Kim, Ewha Womans University, Korea
Haipeng Li, Institute for Computational Biology, SIBS, CAS, China
Greg Ewing, Mathematics and BioSciences Group, University of Vienna, Austria
Frank Chan, Max Planck Institute for Evolutionary Biology, Germany
Wen-Ya Ko, University of Pennsylvania, U.S.A.
Kristan Schneider (organizer)
Schedule:
9:30-10:00 Li: A new test for detecting recent positive selection that is free from the confounding impacts of demography
10:00-10:30 Kim: Selective sweeps in geographically structured populations
10:30-11:00 Jensen: Characterizing the influence of effective population size on the rate of adaptation
11:00-11:15 Ewing: Simulating sweeps and likelihood free inference with msms
11:15-11:30 Chan: Identification of orchestrator genes for bodyweight in mice under long-term selection
11:30-11:45 Ko: Spatially heterogeneous selection on human ApoL1 variants among diverse African populations in trypanosomiasis
endemic areas
11:45-12:00 Schneider: Selective sweeps in human malaria: Modeling genetic hitchhiking in P. falciparum
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A new test for detecting recent positive selection
that is free from the confounding impacts of demography

Haipeng Li
Institute for Computational Biology, SIBS, CAS, China
It has been a long-standing interest in evolutionary biology to search for the traces of recent positive Darwinian selection in organisms.
However, such efforts have been severely hindered by the confounding signatures of demography. As a consequence neutrality tests often
lead to false inference of positive selection since they detect the deviation from the standard neutral model. Here, using the maximum
frequency of derived mutations (MFDM) to examine the unbalanceness of the tree of a locus, I propose a statistical test that is analytically
free from the confounding effects of varying population size and has a high statistical power (up to 90.5%) to detect recent positive
selection. When compared with five well-known neutrality tests for detecting selection (i.e., Tajima’s D-test, Fu & Li’s D-test, Fay & Wu’s
H-test, the E-test and the joint DH test), the MFDM test is indeed the only one free from the confounding impacts of bottlenecks and size
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Selective sweeps in geographically structured populations

Yuseob Kim
Ewha Womans University, Korea
A central problem in population genetics is to detect and analyze positive natural selection by which beneficial mutations are driven to
fixation. The hitchhiking effect of a rapidly spreading beneficial mutation, which results in local removal of standing genetic variation,
allows such an analysis using DNA sequence polymorphism. However, the current mathematical theory that predicts the pattern of genetic
hitchhiking relies on the assumption that a beneficial mutation increases to a high frequency in a single random-mating population, which is
certainly violated in reality. Individuals in natural populations are distributed over a geographic space. The spread of a beneficial allele can
be delayed by limited migration of individuals over the space and its hitchhiking effect can also be affected. To study this effect of
geographic structure on genetic hitchhiking, we analyze a simple model of directional selection in a subdivided population. In contrast to
previous studies on hitchhiking in subdivided populations, we mainly investigate the range of sufficiently high migration rates that would
homogenize genetic variation at neutral loci. We provide a heuristic mathematical analysis that describes how the genealogical structure at a
neutral locus linked to the locus under selection is expected to change in a population divided into two demes. Our results indicate that the
overall strength of genetic hitchhiking – the degree to which expected heterozygosity decreases – is diminished by population subdivision,
mainly because opportunity for the breakdown of hitchhiking by recombination increases as the spread of the beneficial mutation across
demes is delayed when migration rate is much smaller than the strength of selection. Furthermore, the amount of genetic variation after a
selective sweep is expected to be unequal over demes: a greater reduction in expected heterozygosity occurs in the subpopulation from
which the beneficial mutation originates than in its neighboring subpopulations. This raises a possibility of detecting a “hidden” geographic
structure of population by carefully analyzing the pattern of a selective sweep.
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Characterizing the influence of effective population size on the rate of adaptation

Jeffrey Jensen
University of Massachusetts, Medical School, U.S.A.

Characterizing the role of effective population size in dictating the rate of adaptive evolution remains a major challenge in evolutionary
biology. Depending on the underlying distribution of fitness effects of new mutations, populations of different sizes may differ vastly in
their rate of adaptation. Here, we collect polymorphism data at over one hundred loci for two closely related Drosophila species with
different current effective population sizes, Drosophila miranda and Drosophila pseudoobscura, to evaluate the prevalence of adaptive
evolution versus genetic drift in molecular evolution. Utilizing these large and consistently sampled datasets, we obtain greatly improved
estimates of the demographic histories of both species. Specifically, while current Ne differs between these species, their ancestral sizes
were much more similar. We find that statistical approaches capturing recent adaptive evolution (using patterns of polymorphisms) detect
higher rates of adaptive evolution in the larger D. pseudoobscura population. In contrast, methods aimed at detecting selection over longer
time periods (i.e., those relying on divergence data) estimate more similar rates of adaptation between the two species. Our results suggest
an important role of effective population size in dictating rates of adaptation and highlight how complicated population histories ⎯ as is
probably the case for most species ⎯ can effect rates of adaptation. Additionally, we also show how different methodologies to detect
positive selection can reveal information about selective sweeps across different evolutionary time scales.
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Simulating sweeps and likelihood free inference with msms

Greg Ewing
Mathematics and BioSciences Group, University of Vienna, Austria

MSMS is a fast structured coalescent simulation tool that includes selection at a single locus with full recombination. A wide range of
sweep models are supported including soft sweeps and incomplete sweeps. Using msms we investigate likelihood free inference of sweep
parameters with ABC and SGA. We briefly discuss the methodology of msms and present some results from the likelihood free inference.
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Identification of orchestrator genes for bodyweight in mice under long-term selection

Yingguang Frank Chan1, Felicity Jones2, Lutz Bünger3, Diethard Tautz1
1 Max
2 Department

Planck Institute for Evolutionary Biology, Germany
of Developmental Biology/HHMI, Stanford University, USA
3Scottish Agricultural College, UK

Adaptation towards similar phenotypes is widespread in nature, yet it is unclear how much shared phenotypes depend on shared genetic
mechanisms. Several recent studies on multilocus parallel adaptation favour “soft sweeps” and argue against the fixation of a shared set of
alleles. Using seven independent long-term selection experiments on mice for extreme growth (42 days: maximal 64g vs. minimal 16g,
bidirectional selection), we investigate whether such parallelism extends to the genetic level. We devised “parallel association mapping” to
identify genetic variants that segregate according to phenotype as opposed to strain ancestry. Using high-density genotyping on thirteen
mouse lines, we identified 67 parallel selected regions (PSR; FDR ≤ 0.01) where multiple “large” lines harbour a shared haplotype. By
comparing allele frequencies at two time points in one long-term selection experiment against its unselected control, we found classical
selective sweeps centered on the PSRs. We also found similar sweeps in a wild island mouse population with large body size (Sandoy,
Faroe Islands). In a recombinant inbred mouse panel, 78 SNPs linked to the PSRs can predict 93% of the variation in bodyweight. PSRs
show intra-chromosomal clustering and overlap with trans eQTL of large effect in liver and adipose tissues, suggesting that they harbour
“orchestrator genes” that regulate genetic cascades with manifest growth and metabolic effects. Our finding of polygenic parallel
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association suggests that response to selection can be repeatable at the molecular level and may rely broadly on selective sweeps at many
loci of significant effects.
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Spatially heterogeneous selection on human ApoL1 variants among diverse African populations in trypanosomiasis endemic areas

Wen-Ya Ko, Felicia Gomez, and Sarah A. Tishkoff
Department of Genetics and Biology, School of Medicine and School of Arts and Sciences, University of Pennsylvania, Philadelphia, PA
19104, USA

Disease susceptibility may arise as a consequence of adaptation to other environmental stress. Recent findings have suggested that higher
rates of kidney disease in African Americans may be attributed to two newly identified APOL1 risk alleles (termed G1 and G2). These two
alleles may have provided resistance to trypanosoma infection (sleeping sickness) in the ancestors of African Americans. Although
trypanosomiasis occurs throughout sub-Saharan Africa, there have been few studies of genetic variation at APOL1 across geographically
and genetically diverse ethnic groups. Here we studied nucleotide variation of APOL1 from 10 African populations. We observed unusually
high levels of nonsynonymous polymorphism at the functional domains that are required to lyse parasites in human serum. However, the
two risk alleles appear to be uncommon in most other African populations except the Yoruba. Interestingly, we found that while the G1
derived allele adaptively evolved in Yoruba, its ancestral allele was favored by selection in the Hadza population. This change in selection
toward the alternative allele may be relevant to the distribution of two trypanosoma subspecies, and the deleterious effects of G1 in kidney
function.
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Selective sweeps in human malaria: Modeling genetic hitchhiking in P. falciparum
Kristan Schneider
University of Vienna, Austria
Malaria is among the most devastating human diseases, and it is still a threat to the public health in large areas of the developing world.
This is in particular true for P. falciparum, the parasite that causes the most virulent form of human malaria. Malaria control is highly
dependent on the use of drugs, which clear out parasites in infected hosts. However, many important drugs have been rendered useless
because parasites evolved resistance against them. This fact was described as a public health disaster that causes enormous economic
damages. Understanding the evolutionary history of the spread of drug resistance is the key to extend the lifespan of affordable and reliable
anti-malarial drugs, and hence to guarantee successful malaria control. However, reconstructing the evolutionary history of drug resistance
in the absence of reliable clinical and epidemiological data is difficult. Hence, theoretical models that predict the dynamics of the spread of
resistance are urgently needed. While it is difficult to build mathematical models that consider the full complexity of malaria, we might be
able to reconstruct the dynamics of drug resistance by analyzing empirical data.
We introduce a model for the spread of drug resistance among human malaria parasites, which is designed to study genetic hitchhiking. It
incorporates all characteristics of the complex malaria-transmission cycle and accounts for the fact that only a fraction of infected hosts
receive drug treatment. It also incorporates that hosts can be co-infected by differently many parasites. The number of parasites co-infecting
a host is either a constant or, more generally, follows a given frequency distribution.	

We prove that the hitchhiking effect is similar but different from standard hitchhiking, and explain why standard hitchhiking theory cannot
be applied to drug resistance in malaria. Furthermore, we show that a genome-wide reduction in relative heterozygosity occurs provided
drug pressures are sufficiently high and sufficiently many hosts are infected by single haplotype strains.
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Workshop 12: Recombination and the efficacy of selection
Time and Room: 13:30-16:00, July 28, room S-3
Organizer: Jeffrey Jensen, University of Massachusetts, Medical School, U.S.A.
Speakers:
Charles Aquadro, Cornell University, U.S.A.
Magnus Nordborg, University of Southern California, U.S.A.
Doris Bachtrog, University of California at Berkeley, U.S.A.
Andrea Betancourt, Vetmeduni Vienna, Austria
Josep Comeron, University of Iowa, U.S.A.
Schedule:
13:30-14:00 Aquadro: Two decades of studies of the impact of recombination on DNA variability
14:00-14:30 Nordborg: Does recombination explain the genomic pattern of polymorphism in Arabidopsis thaliana?
14:30-15:00 Bachtrog: Degeneration and masculinization of evolving sex chromosomes in Drosophila revealed by next-generation
sequencing
15:00-15:30 Betancourt: Recombination and adaptation in Drosophila
15:30-16:00 Comeron: Intra-specific variation in recombination rates in Drosophila melanogaster based on ultra-dense crossing over and
gene conversion maps
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Two Decades of Studies of the Impact of Recombination on DNA Variability

Charles Aquadro
Cornell Center for Comparative and Population Genomics, Ithaca, NY USA

Two decades ago, several groups began attempting to assess the impact of adaptation on DNA variation in Drosophila. These empirical
studies, motivated by insightful theory on what became know as “genetic hitchhiking”, led to the discovery that the regional rate of
recombination was a major predictor of the level of DNA variation. Initially interpreted as due to the fixation of favorable new mutations, it
was soon recognized that selection against deleterious mutations leads to many of the same predicted patterns. A major consequence of
reduced recombination is a reduced regional genomic effective population size, an insight that has provided a valuable approach for
dissecting the distribution of selective effects of variation. The relative roles that selection for and against new versus segregating
mutations remains largely unresolved, though we have advanced our ability to use variation and local recombination to dissect the roles of
natural and demography. Recent discoveries of the plasticity of crossing-over within and between species provide new challenges and
opportunities to resolve the evolutionary mechanisms shaping genomic diversity and adaptation.
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Does recombination explain the genomic pattern of polymorphism in Arabidopsis thaliana?

Magnus Nordborg
University of Southern California, U.S.A.

Abstract not available
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Degeneration and masculinization of evolving sex chromosomes in Drosophila revealed by next-generation sequencing

Qi Zhou & Doris Bachtrog
University of California at Berkeley, U.S.A.

Sex chromosomes originate from autosomes, but ancient X and Y chromosomes contain few signatures of their evolutionary origins. Here,
we uncover the processes shaping early sex chromosomes evolution, by analyzing the genome and transcriptome of Drosophila miranda, a
species with newly acquired neo-sex chromosomes. Sex-specific and sexually antagonistic selection shape patterns of genome evolution on
both the neo-X and neo-Y. The non-recombining neo-Y chromosome undergoes massive degeneration, with >1100 genes (~40%) being
non-functional, and most genes are expressed at a lower level from the neo-Y. We find evidence that male-beneficial genes on the neo-Y
undergo adaptive protein evolution, and neo-Y genes evolve biased expression towards male-specific tissues. Thus, the gene content of the
neo-Y is becoming masculinized. The neo-X, on the other hand, is subject to opposing sex-specific selection pressures. While older X
chromosomes become demasculinized and show a deficiency of genes expressed in male-specific tissue, young male-biased genes undergo
increased rates of adaptive evolution if hemizygous.
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Recombination and adaptation in Drosophila

Andrea Betancourt
Vetmeduni Vienna, Austria

A lack of recombination is expected to reduce levels of adaptation, as strong linkage to selected sites can interfere with selection at a focal
site. Evidence for this can be seen within genomes, in the form of contrasting patterns of molecular variation in regions with different
levels of recombination. I will present evidence from Drosophila species suggests that both positive and purifying selection are weak in
regions of low recombination compared to regions of high recombination. Low recombination regions show signatures of ineffective
purifying and positive selection, including faster evolution and more polymorphism in proteins, and a reduction in the level of positive
selection. In addition, it might be that not all low recombination regions are equally affected by the effects of interference. I will discuss
this question using data from Y-linked and dot chromosomal loci.
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Intra-Specific Variation in Recombination Rates in Drosophila melanogaster Based on Ultra-Dense Crossing Over and Gene
Conversion Maps

Josep M. Comeron1,2, Ramesh Ratnappan1, Samuel S. Bailin1
1Department

of Biology, University of Iowa, USA
2 R.J. Carver Center for Genomics, University of Iowa, USA

Recombination rates vary significantly across genomes and the efficacy of selection is predicted to vary accordingly, increasing in regions
with high recombination. Three factors however may be hindering current approaches to accurately evaluate evolutionary and genomic
patterns associated with recombination. First, the resolution of most genetic maps is appropriate for detecting general tendencies associated
with high/low recombination but too coarse for studies at the scale of single/few genes. Second, crossing over rates are used as a proxy for
total recombination, neglecting the influence of gene conversion. Third, it is often assumed that recombination at a given genomic region is
invariant within species even though intra-specific differences in crossover frequencies are well documented in many organisms. As a part
of an integrative study to investigate the evolution and consequences of recombination rates in Drosophila, we have generated a collection
of whole-genome, ultra-dense crossing over (CO) and gene conversion (GC) maps in D. melanogaster to capture intra-specific variation in
recombination landscapes. We present these maps and discuss evolutionary and genomic correlates of fine-scale variation in CO and GC
across the D. melanogaster genome.
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Workshop 13: Biodiversity – divergence and convergence in evolution
Time and Room: 16:30-19:00, July 28, room S-1
Organizers:
Masami Hasegawa, School of Life Sciences, Fudan University, Shanghai, China
Yang Zhong, Institute of Biodiversity Science and Geobiology, Tibet University, Lhasa, China & School of Life Sciences, Fudan
University, Shanghai, China
Speakers:
Bojian Zhong, Allan Wilson Centre for Molecular Ecology and Evolution, New Zealand
Yang Liu, East China Normal University, China
Masato Nikaido, Tokyo Institute of Technology, Japan
Anna-Sapfo Malaspinas, University of California at Berkeley, U.S.A.
Huerta-Sanchez, University of California, Berkeley, U.S.A.
Masami Hasegawa (organizer)
Yang Zhong (organizer)
Schedule:
16:30-16:50 Hasegawa: Introduction: Divergence and convergence in evolution
16:50-17:10 B. Zhong: Beyond reasonable doubt: Proof of evolution from DNA sequences
17:10-17:30 Nikaido: Positive selection and long standing polymorphism in east African cichlids
17:30-17:50 Liu: Adaptive sequence convergence between echolocating bats and dolphins
17:50-18:05 Malaspinas: Characterizing Neanderthal admixture using the joint derived SFS with humans
18:05-18:20 Huerta-Sanchez: Characterizing the genetic signature of high altitude adaptation in Tibetans
18:20-18:50 Y. Zhong: Horizontal gene transfer from aphids to their host plants
18:50-19:00 Discussion
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Beyond Reasonable Doubt: Proof of Evolution from DNA Sequences

Bojian Zhong1, Tim White2, Mike Hendy2 and David Penny1
1 Allan

Wilson Centre for Ecology and Evolution, Institute of Molecular BioSciences, Massey University, New Zealand
2 Institute of Fundamental Sciences, New Zealand

Despite the modern evolutionary theory is widely accepted in biology, we still require a simple and direct quantitative tests of a prediction
from evolution. The prediction of ‘descent with modification’ is that, as we go further back in time, the ancestral sequences for a given
functional protein should converge and become increasingly similar. We can quantify this convergence by expressing it as a probabilistic
argument. Given the observed distribution of distances between pairs of sequences from two groups; what is the probability of observing
the inferred distance between the predicted ancestors of the two groups. The primary examples here are chloroplast genomes from monocot
and eudicot plants. We estimate the sequence of the ancestors of the two subgroups, and then calculate the distances between the two
ancestors, as well as the average distances between any members of two subgroups. From our preliminary analyses, we consider that some
form of ‘descent with modification’ is essential to explain the convergence as we go back to more distantly related organisms.
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Positive selection and long standing polymorphism in east African cichlids

Masato Nikaido1, Tadashi Hirata1, Yoko Satta4, Yohey Saito1, Mitsuto Aibara1, Shinji Mizoiri1, Semvua I. Mzighani1,3, Kimiko HaginoYamagishi2, Norihiro Okada1
1Tokyo

Institute of Technology
2Tokyo Metropolitan Institute of Medical Science
3Tanzania Fisheries Research Institute, 4The Graduate University for Advanced Studies (Sokendai)

Haplochromines inhabiting East African Great Lakes are species-rich group of cichlids. Here, we found a long standing polymorphism on
protein encoding gene that may contribute to faster and dynamic diversification. In V1R2 receptor gene, two highly divergent allele groups,
which were estimated to have diverged about 9 MYBP under the force of positive selection, are shared by cichlids of Lakes Victoria,
Malawi and Tanganyika, indicating that the polymorphism predates the radiation of all three species flocks. Population genetic analyses of
28 putatively neutral nuclear loci suggested that ancestral haplochromines formed extremely large population. Thus, present study suggests
that exceptionally older polymorphism on V1R2 could be retained in such larger ancestral population. As demographic process have shaped
polymorphic genomes, functionally distinct polymorphisms on ecologically important genes and QTLs might have universally existed in
ancestral populations. Lineage sorting of such polymorphisms may have enabled the rapid radiations and parallel evolutions of
haplochromines.
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Adaptive sequence convergence between echolocating bats and dolphins

Yang Liu1, James A. Cotton2, Bin Shen1, Xiuqun Han1, Stephen J. Rossiter2 and Shuyi Zhang1
1 School

2 School

of Life Sciences, East China Normal University, Shanghai, China.
of Biological and Chemical Sciences, Queen Mary University of London, London , UK.

Echolocating bats and dolphins are two mammalian groups that use high frequency biosonar to perceive the environment and search prey.
Both of them possess sophisticated echolocation and associated high frequency hearing ability. The outer hair cells (OHCs) of mammals
can produce somatic violation (electromotility) to amplify incoming sound stimuli, which is important for mammalian hearing sensitivity.
The motor protein prestin, encoded by the gene Prestin, is found underpin the electromotility of OHCs and crucial for hearing sensitivity
and selectivity. Here we report that the gene Prestin underwent convergent amino acids evolution in echolocating bats and dolphins, and the
sequence convergence was due to natural selection. Thus, the convergent evolution of Prestin is probably an adaptation for high frequency
sensitivity and selectivity in these echolocating taxa. Further analyses with an expanded dataset show independent cases of ‘bat-bat
convergence’ and ‘bat-whale convergence’ involved identical amino acid substitutions. Also, we find the non-synonymous substitutions in
Prestin correlate significantly with hearing frequency in whales and the gene underwent episodic positive selection in the ancestral branches
leading to toothed whales and small whales (including families Delphinidae, Phocoenidae and Ziphiidae here).
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Characterizing Neanderthal admixture using the joint derived SFS with humans

Anna-Sapfo Malaspinas1, Eric Durand1, Richard E. Green2, Montgomery Slatkin1
1UC
2UC

Berkeley, USA
Santa Cruz, USA

Neanderthals are believed to be the closest evolutionary relatives of modern humans. But why the Neanderthals disappeared, and the nature
of their relationship to modern humans, remains a widely disputed topic. In particular, despite the wealth of archaeological and
anthropological knowledge, the question of the extent, or very presence, of admixture remains controversial. Recently, a whole Neanderthal
genome was sequenced and evidence for admixture was found based on sequence similarity with modern day Europeans. Nevertheless,
specific demographic scenarios for admixture were not evaluated.

In this work, we use a summary statistic of DNA data, the site frequency spectrum (SFS), to characterize the Neanderthal admixture with
modern humans. In particular, we infer parameters for several relevant demographic models for humans and Neanderthals. The models we
explore share in common a single admixture event between a human population (CEU or YRI) and the Neanderthals. We use an alignment
of the high coverage trio data of the 1000 genome project and the Neanderthal genome to infer demographic parameters. We find evidence
of admixture between Europeans and Neanderthals, consistent with previous results. Additionally, we find evidence for a small amount of
admixture (less than 1%) between Africans and Neanderthals. We estimate the time of admixture to be around 45,000 years, consistent with
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the archaeological record. These results highlight the utility of the joint SFS for making fine-scale evolutionary inference of early human
evolution.
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Characterizing the genetic signature of high altitude adaptation in Tibetans
Huerta-Sanchez, E1, Peter, B1, Xin Jin2, Vinckenbosh, N1, BGI consortium2, Nielsen, R1
1 Center

for Theoretical Evolutionary Genomics, UC Berkeley, Berkeley, CA
2 BGI-Shenzhen, Shenzhen 518083, China

Tibetans have managed to adapt to one of the harshest environments inhabited by humans today. They have been able to colonize regions of
the Tibetan plateau lying above 4000 meters. Low oxygen in these regions has exerted a strong selective pressure, leading to a genetic
adaptation in Tibetans. However, only recently has an underlying genetic basis been suggested. A handful of genes appear to be involved in
the adaptation to high altitude but one of them, EPAS1, carries the single largest signature of natural selection. Here we follow up on our
previous study in which EPAS1 was identified, and re-sequence the gene in 41 Tibetan individuals. We employ an approximate Bayesian
computation (ABC) approach to estimate population genetic parameters of interest. In particular, we seek to answer the following
questions: How old is the sweep? Is it a de novo mutation, or is it selection on standing variation? What is the selection strength?
Answering these questions will help us characterize one the most convincing examples of natural selection in humans. Our analysis of the
re-sequencing data suggests that this is a recent adaptation, and a model with standing variation is more strongly favored.
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Horizontal gene transfer from aphids to their host plants

Yang Zhong
Institute of Biodiversity Science and Geobiology, Tibet University, Lhasa, China & School of Life Sciences, Fudan University, Shanghai,
China

Abstract not abailable
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Workshop 14: Next generation sequencing technologies in evolutionary studies
Time and Room: 16:30-19:00, July 28, room S-2
Organizer: Matt Bellgard, Murdoch University, Australia
Speakers:
Kazuho Ikeo, National Institute of Genetics, Mishima, Japan
Hsiao-Han Chang, Department of Organismic and Evolutionary Biology, Harvard University, U.S.A.
Holly M. Bik, Hubbard Center for Genome Studies, University of New Hampshire, U.S.A.
Masa-aki Yoshida, Ochanomizu University, Japan
John E. Pool, University of California, Davis, U.S.A.
Beatriz Vicoso, University of California, Berkeley, U.S.A.
Suhua Shi, State Key Laboratory of Biocontrol and Guangdong Key Laboratory of Plant Resources, Sun Yat-sen University, China
Matthew Bellgard (organizer)
Schedule:
16:30-16:50 Bellgard: Evolutionary conserved microRNAs are ubiquitously expressed compared to tick-specific miRNAs in the cattle tick
Rhipicephalus microplus
16:50-17:05 Chang: Population genetic inferences of Plasmodium falciparum based on 25 fully sequenced genomes from Senegal
17:05-17:20 Bik: Rapid biodiversity assessment of microbial eukaryotes using high-throughput sequencing: A case study from the BP oil
spill
17:20-17:35 Yoshida: Genome structure analysis of molluscs revealed large-scale genome duplication and lineage specific repeat variation
17:35-17:50 Pool: Population genomics of sub-Saharan Drosophila melanogaster: African diversity and non-African admixture
17:50-18:05 Vicoso: Using whole-genome sequencing to reveal the history of the dot chromosome in Drosophilids
18:05-18:20 Shi: Two evolutionary histories in the genome of rice: the roles of domestication genes
18:20-18:40 Ikeo: Genome wide data analysis by using NGS
18:40-19:00 Discussion
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Evolutionary conserved microRNAs are ubiquitously expressed compared to tick-specific miRNAs in the cattle tick Rhipicephalus
microplus
Roberto A. Barrero1, Gabriel Keeble-Gagnère1, Bing Zhang2,3, Paula Moolhuijzen1,3, Kazuho Ikeo4, Yoshio Tateno4, Takashi Gojobori4,
Felix D. Guerrero5, Ala Lew-Tabor1,2,3,6, Matthew Bellgard1,3
1Centre for Comparative Genomics, Murdoch University, WA 6150, Australia
2Department of Employment, Economic Development and Innovation (DEEDI), Queensland
3CRC for Beef Genetic Technologies, Armidale, NSW, Australia
4Center for Information Biology and DNA Databank of Japan, National Institute of Genetics, Yata 1111, Mishima, Shizuoka 411-8540, Japan
5US Department of Agriculture, Agricultural Research Service, 2700 Fredericksburg, Rd., Kerrville, TX 78028, USA
6Queensland Alliance for Agriculture and Food Innovation, The University of Queensland, c/o DEEDI, Yeerongpilly, QLD 4105, Australia

MicroRNAs (miRNAs) are small non-coding RNAs that act as regulators of gene expression in eukaryotes modulating a large diversity of
biological processes. To discover and profile cattle tick miRNAs we employed two complementary approaches, one aiming to find
evolutionary conserved miRNAs and another focused on the discovery of novel cattle-tick specific miRNAs. We found 51 evolutionary
conserved R. microplus miRNA loci, with 35 of these previously found in the tick Ixodes scapularis. The majority of the R. microplus
miRNAs are perfectly conserved throughout evolution with 11, 5 and 15 of these conserved since the Nephrozoan (640 MYA),
Protostomian (620MYA) and Arthropoda (540 MYA) ancestor, respectively. We then employed a de novo computational screening for
novel tick miRNAs using the draft genome of I. scapularis and genomic contigs of R. microplus as templates. This identified 36 novel R.
microplus miRNA loci of which 12 were conserved in I. scapularis. Overall we found 87 R. microplus miRNA loci, of these 14 showed the
expression of both miRNA and miRNA* sequences. R. microplus miRNAs showed a variety of expression profiles, with the evolutionaryconserved miRNAs mainly expressed in all life stages at various levels, while the expression of novel tick-specific miRNAs was mostly
limited to particular life stages and/or tick organs. Interestingly our study has uncovered that anciently acquired miRNAs in the R.
microplus lineage not only tend to accumulate the least amount of nucleotide substitutions as compared to those recently acquired miRNAs,
but also show ubiquitous expression profiles through out tick life stages and organs contrasting with the restricted expression profiles of
novel tick-specific miRNAs. We have also implemented a web based analysis workflow environment (YABI) to support next generation
sequencing applications.
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Population genetic inferences of Plasmodium falciparum based on 25 fully sequenced genomes from Senegal

Hsiao-Han Chang, Rachel F. Daniels, Daniel J. Park, Daniel E. Neafsey, and Daniel L. Hartl
Department of Organismic and Evolutionary Biology, Harvard University

Malaria is a deadly disease that causes nearly one million deaths each year. Understanding the demographic history of the malaria parasite
Plasmodium falciparum and the genetic basis of its adaptations to antimalarial treatments and the human immune system is important for
developing methods to control and eradicate malaria. To study the long-term demographic history and recent effective size of the
population in order to identify genes under selection more efficiently and predict the effectiveness of selection, we sequenced the complete
genomes of 25 cultured P. falciparum isolates from Senegal. We also estimated temporal allele frequencies in 24 loci among 271 strains
from the same population across four years. Based on genetic diversity of the genome sequences, we estimate the long-term effective
population size to be approximately 100,000. Based on temporal changes in allele frequencies, however, the recent effective size is
estimated to be about 100 from 2007–2010. The discrepancy may reflect recent aggressive efforts to control malaria in Senegal. These
results suggest that the recent effective population size of P. falciparum in Senegal is small enough that many mutations have become
effectively neutral, hindering the ability of natural selection to select for beneficial alleles or remove deleterious alleles. We also estimate a
major population expansion of the parasite population approximately 550,000–770,000 years ago. In addition to the results on demographic
history, the sequences also reveal candidate genes under selection and loci associated with drug resistance. These genes are currently
undergoing validation through direct experimental studies.
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Rapid biodiversity assessment of microbial eukaryotes using high-throughput sequencing: A case study from the BP oil spill
Holly M. Bik1, Jyotsna Sharma2, Kenneth M. Halanych3, and W. Kelley Thomas1
1Hubbard

Center for Genome Studies, University of New Hampshire, Durham, NH, USA
2Department of Biology, University of Texas at San Antonio, USA,
3Department of Biological Sciences, Auburn University, Auburn, AL, USA

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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Genome Structure Analysis Of Molluscs Revealed Large-Scale Genome Duplication And Lineage Specific Repeat Variation

Masa-aki Yoshida, Atsushi Ogura
Ochanomizu University, Japan

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 largesized 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 largescale gene duplications in all the three molluscs. We, then, identified common and lineage-specific REs with RE proportion by homologybased 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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Population genomics of sub-Saharan Drosophila melanogaster: African diversity and non-African admixture

John E. Pool, Kristian Stevens, Marc Crepeau, Charis Cardeno, James J. Emerson, Russel Corbett-Detig, Pablo Duchen, David J. Begun,
and Charles H. Langley
University of California, Davis, U.S.A.

We describe the preliminary analysis of more than 100 fully sequenced genomes from African populations of Drosophila melanogaster.
Genomes were fully homozygous because genomic DNA was amplified from haploid embryos (Langley et al. 2011 Genetics). Sequencing
was performed on an Illumina Genome Analyzer IIx, using 76bp paired end reads with 300-400bp inserts, with an average sequencing
depth of 30X. Assembly was performed using BWA. Sequencing depth was found to be positively correlated with genomic coverage and
estimates of nucleotide diversity.
	

The sequenced genomes came from more than 20 sub-Saharan locations. Using a novel HMM admixture detection algorithm, we
observed high levels of cosmopolitan (non-sub Saharan) admixture in populations from across the African continent. Admixture
proportions varied dramatically among samples, even within small geographic regions. Based on the megabase scale of admixture
intervals, large-scale introgression appears to be a very recent and ongoing process.
	

Admixed chromosome segments were masked from subsequent analyses. Populations from south of the Congo Basin were then
found to have the highest levels of nucleotide diversity, and could represent the ancestral range of the species. Moderate levels of genetic
structure were found across the African continent, and populations from central Africa were found to have the closest relationships with
cosmopolitan populations.
	

These genomes will also provide a valuable resource for the detection of locally adaptive differences between African populations.
Furthermore, they have led to the selection of a Zambian sample for deeper sequencing (>300 genomes). A clear understanding of the
population genomics of African D. melanogaster will set the stage for informed evolutionary inferences concerning worldwide populations
of this model species.
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Using whole-genome sequencing to reveal the history of the dot chromosome in Drosophilids
Beatriz Vicoso, Monica Pimentel, Doris Bachtrog
UC Berkeley, USA
The genome of all Drosophila species is contained in six chromosomal arms, called Muller elements A to F. Although fusions of
different elements and within-arm rearrangements occur, their gene content is conserved throughout the genus. While elements A to E are
large and mostly euchromatic, element F, the “dot chromosome”, is small, highly heterochromatic, and has extremely low rates of
recombination. However, unlike other heterochromatic regions, it has a high gene density and is highly transcribed. Although our
understanding of the current evolution of this chromosome has improved, its origin remains a mystery. In the more distant Drosophila
buskii and in one species of the close outgroup Scaptodrosophila, the dot chromosome is fused to the X-chromosome (element A), and this
has been put forward as a possible ancestral state of the Drosophila genus. In order to study element F in more distant dipteran insects, we
are using Illumina technology to obtain whole-genome sequences for several Drosophilids. We find evidence that in Tephritids, another
outgroup of Drosophila, element F is the only sex chromosome, suggesting that it may be the ancestral Drosophilidae sex chromosome. We
discuss models for the transition from this ancestral state to the current karyotypes observed in Drosophila.
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Genome wide data analysis by using NGS

Kazuho Ikeo
National Institute of Genetics, Mishima, Japan

As part of the program aimed at a comprehensive understanding of biological phenomena at the intracellular level, this project will
establish a Data Analysis Center to promote research and development of means to handle the vast amounts of heterogeneous data produced
by next-generation sequencers. The Data Analysis Center will be equipped with computer resources in and operate in close collaboration
with the Sequencing Center. In addition, the experience of the National Institute of Genetics in DDBJ (DNA Data Bank of Japan) and the
Genome Network Project (GNP) will be employed to consolidate real-time cell/tissue analysis data obtained by cell imaging and various
data produced by the Leading Research Projects into a single database. The Center will also support the Leading Research Projects in terms
of information analysis and statistical analysis. A platform that allows higher-order cellular/life program analysis will be constructed via
integration of the above data, results from the GNP, and other published information. In addition, co-investigators with expertise in
bioinformatics will develop innovative and unique tools that will be utilized by the Sequencing Center and Leading Research Projects, and
will assume the administrative functions required for the execution of the program. The Data Analysis Center is expected to contribute to
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On the Origin of DNA Genomes: Evolution of the Division of Labor between Template and Catalyst in Model Replicator Systems

Nobuto Takeuchi
NIH/NLM/NCBI, USA

At the core of all biological systems lies the division of labor between templates and catalysts: templates (DNA) store genetic information,
and catalysts (proteins) implements genetic information. This fundamental property of life is believed to have been absent at the earliest
stages of evolution. The RNA world hypothesis posits that, in primordial replicating systems, RNA functioned both as template and as
catalyst. How would such division of labor emerge through Darwinian evolution? We examined this question with minimal computational
models of RNA replicator systems. We considered two models: one where molecules are adsorbed on surfaces and one where molecules are
compartmentalized by dividing cellular boundaries. Both models exhibited the evolution of DNA and the ensuing division of labor,
revealing the simple governing principle of these processes: DNA releases RNA from the trade-off between template and catalyst that is
inevitable in the RNA world and thereby enhances the system's resistance against parasitic templates. Hence, this study offers a novel
insight into the evolutionary origin of the division of labor between templates and catalysts in the RNA world.
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Lateral Gene Transfer Frequency Decreases with Donor-Recipient Divergence

Ovidiu Popa, William Martin, Tal Dagan
Institute of Botany III, Heinrich-Heine University of Duesseldorf, Germany

Lateral gene transfer (LGT) is an important mechanism for natural variation in prokaryotes where multiple mechanisms for gene acquisition
have evolved including transformation, conjugation, transduction, and gene transfer agents. Here we test for barriers to gene acquisition
caused by donor-recipient genome sequence divergence. For that purpose we assembled a dataset of 1169 recent LGT events from 325
genomes where both donor and recipient can be estimated including 227 donor-recipient pairs. Donor-recipient divergence is determined by
rRNA sequence divergence. The age of a gene transfer event relative to the donor-recipient divergence is inferred by using an outgroup
species. We find that the distribution of LGT relative age follows a heavy-tail distribution with a power-law decay exponent of a=2.29.
Hence most of the LGT events occur shortly after the donor-recipient divergence, while LGT between highly diverged donor and recipient
are rare. Our results reveal that LGT is more frequent between closely related donors and recipients highlighting species isolation as a
barrier to gene acquisition in nature.
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The Life and Death of Pseudogenes in Bacterial Genomes

Chih-Horng Kuo1 and Howard Ochman2
1Institute

2Department

of Plant and Microbial Biology, Academia Sinica, Taipei, Taiwan 11529
of Ecology & Evolutionary Biology, West Campus, Yale University, P.O. Box 27388, West Haven, CT, USA 06516-7388

Pseudogenes are vestiges of previously functional genes in a genome. Due to the accumulation of frameshift mutations and premature stop
codons, these sequences are usually assumed to be non-functional and evolve in a neutral fashion. However, because some pseudogenes
remained to be expressed at RNA and protein level, it is possible that these sequences are deleterious due either to the energetic cost of
transcription and translation or to the formation of toxic proteins. To test this hypothesis, we examined a group of closely related
Salmonella genomes to infer the extinction dynamic of pseudogenes. Our result demonstrates that the removal of pseudogenes through
deletional processes proceeds too rapidly to be explained by a strictly neutral model of stochastic losses. Furthermore, those few highly
degraded pseudogenes that have persisted in Salmonella genomes correspond to genes with a low codon adaptation index and a low
connectivity in protein-protein interaction network, suggesting that both expression level and gene interactions play an important role in
determining the evolutionary fate of pseudogenes.
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Selective Increase of Recombination and Variability in Host-Adaptation Systems in Bartonella

Lionel Guy, Björn Nystedt, Christina Toft, Katarzyna Zaremba, Eva C Berglund, Fredrik Granberg, and Siv GE Andersson
Molecular Evolution, Uppsala University, Sweden

Bacteria of the genus Bartonella are facultative intracellular bacteria infecting red blood cells of mammals. Here, we present the first major
genus-wide investigation of all host-adaptation systems in Bartonella, using 10 published and 6 newly sequenced genomes, including an
isolate from a kangaroo. A recently identified gene transfer agent and the genes initiating a run-off replication are the most conserved and
stable innovations in Bartonella, despite being phage remnants. We propose that the combination of these two systems selectively increases
recombination and spread of host-adaptation systems. Thereby, it provides bacteria infecting a particular host with a mechanism to rapidly
acquire and modify the systems required for infecting another host without altering the rest of their genomes. We also report the discovery
of new putative host-adaptation systems, and show that among secretion systems, four classes of type V, but no type IV or III, are retained
in all Bartonella. In conclusion, we propose that the ability to quickly shuffle host-adaptation systems is more conserved than the systems
themselves.
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Genomic signatures of host exploitation and molecular mimicry in bacterial pathogens

Brendan J. McConkey1, Andrew C. Doxey2
1Department
2Department

of Biology, University of Waterloo, ON, Canada
of Developmental Biology, Stanford University, CA, USA

An increasing number of bacterial pathogen proteins have been discovered that exhibit sequence similarity to human proteins, and play a
role in modulation or mimicry of host processes. We hypothesize that host-protein similarity may be a distinctive genomic feature of
pathogenic bacteria, and assessed this phenomenon on a large-scale through a comparative analysis of pathogen and non-pathogen bacterial
genomes. We find evidence of elevated pathogen similarities to human proteins for several functional categories, and show that elevated
host-similarity patterns predict a considerable number of known and novel potential virulence factors, their mechanisms and human protein
targets. Targeted pathways and components include the human extracellular matrix, sugar and lipid biosynthesis, and phagocytosis-related
and immune signaling pathways. Large-scale comparative analysis of host-bacteria protein similarities is a simple but powerful means for
detecting determinants of pathogenicity at the genomic scale, and can additionally be applied to pathogens of other host species.
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Evolution of the Kdo2-lipid A Biosynthesis in Bacteria

Etsuko N. Moriyama1,2, Stephen O. Opiyo3, Rosevelt L. Pardy2, and Hideaki Moriyama2
1School

of Biological Sciences and 2Center for Plant Science Innovation, University of Nebraska-Lincoln, USA
3Molecular and Cellular Imaging Center-South, Ohio Agricultural Research and Development Center, USA

Lipid A is the highly immunoreactive endotoxic center of lipopolysaccharide (LPS), the outer membrane component of most Gramnegative bacteria. Nine enzymes are involved in the biosynthesis of Kdo2-lipid A, the LPS substructure. In order to elucidate the evolution
of Kdo2-lipid A biosynthesis, we examined the distribution of genes encoding the nine enzymes across bacteria. Some Gram-negative
bacteria had no gene encoding these enzymes and others have genes only for four enzymes. Three independent gene duplication events
were identified for five enzymes. Two events happened within the Proteobacteria lineage. The nine-enzyme pathway is found only in
Escherichia coli and related Proteobacteria, and appears to be the most derived and optimized form. Simpler and probably less efficient
pathways are found in other bacterial groups, with Kdo2-lipid A variants as the likely end products. The Kdo2-lipid A biosynthetic pathway
exemplifies extremely plastic evolution of bacterial genomes, especially those of mainly pathogenic Proteobacteria adapted to their
environment.
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Detecting non-neutral evolution in transcriptome-wide gene expression measurements

Schraiber, Joshua G.
Department of Integrative Biology, University of California, Berkeley, U.S.A.

Advances in high-throughput sequencing technology have made it possible to accurately assay the expression level, as measured by mRNA
abundance, of every gene in an organism’s genome. Moreover, as sequencing costs decrease, population-level surveys of variation in gene
expression are becoming commonplace. Just as population-level genomic sequencing has been a changed our understanding of the
molecular evolution of protein structure, population-level transcriptome analysis has the potential to revolutionize how we think about
evolution of gene expression. However, formally testing evolutionary hypotheses has been difficult, partially because of a lack of
population genetic models of neutral transcriptome evolution. I have developed an explicit model of expression level evolution that take
into account both the measured variation in expression level as well as variation at loci that are known to impact expression level (e.g.
promoters and transcription factors). Using this model, I apply formal tests of neutral evolution to a sample of 51 Louisiana and 19
Caribbean Neurospora crasa individuals. These tests suggest that most of the transcriptome is under relatively strong stabilizing selection
and identify candidate loci that have experienced recent directional selection on their expression level. Finally, I examine the hitchhiking
effect of selection on coding regions on gene expression and demonstrate that care must be taken to differentiate selection on protein coding
sequences that happened to cause a (neutral) change in average gene expression level from directional selection on gene expression.
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Inheritance Patterns of mRNA Levels and Different Selective Constraints on trans- and cis-Regulatory Factors in Yeast Gene
Expression Evolution

Bernhard Schaefke1,2,3, J.J. Emerson4, Tzi-Yuan Wang1,5, Henry Horng-Shing Lu6, Mei-Yeh Jade Lu1,5, and Wen-Hsiung Li1,5,7
1Biodiversity

Research Center, Academia Sinica, Taiwan
2Taiwan International Graduate Program, Academia Sinica, Taiwan
3National Yang-Ming University, Taiwan
4University of California, Berkeley, USA
5Genomics Research Center, Academia Sinica, Taiwan
6Institute of Statistics, National Chiao Tung University, Taiwan
7Department of Ecology and Evolution, University of Chicago, USA

Mutations in cis and trans influence gene expression in different ways. They result in different inheritance patterns and are subjected to
different selective pressures. To investigate these differences in yeast we analyzed gene expression data from two Saccharomyces cerevisiae
strains, BY and RM, and their hybrid. Our results indicate that cis regulatory changes contribute more to expression differences in genes
with additive inheritance in hybrids than those with non-additive inheritance patterns. Furthermore, misexpressed genes, with either higher
or lower total expression levels in hybrid than both parent species, are more likely to exhibit antagonistic cis-trans interactions.
Regulatory differences in cis contribute more to differences between species than within species. Our data support the view that this can be
explained by different selective pressures on cis- and trans- regulatory elements, with trans being subjected to higher selective constraint..
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Sequence conservation and gene-conversion; insights into highly conserved elements in mating-type loci in Saccharomyces
cerevisiae

Yutaka Watanabe and Alexander S. Mikheyev
Ecology and Evolution Unit, Okinawa Institute of Science and Technology, Japan

Comparative genomics, made possible by recent advances in sequencing, revealed the existence of numerous sequences, often non-protein
coding, conserved at the nucleotide level across distantly related taxa. Although such ultra-conserved sequences are predicted to experience
strong stabilizing selection, their functions remain largely unknown. Curiously, in some cases, experimental deletion of ultra-conserved
regions has had no obvious phenotypic consequences. To understand this phenomenon, we examined the HMRa2 locus of the budding yeast
Saccharomyces cerevisiae. This gene shows 100% conservation at nucleotide level for 360bp among 5 different species in genus
Saccharomyces. However, previous studies showed that deletion of HMRa2 has no phenotypic consequences under laboratory conditions.
HMRa2 acts as a donor sequence during mating-type switching, which occurs through a gene conversion event. Here we constructed a
series of HMRa2 mutants, ranging from complete deletion of the locus to a range of more subtle changes, and analyzed how those sequence
modifications affect at mating-type switching. We will discuss the evolutionary consequences of gene conversion on sequence conservation.
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A Consistency-based Reconstruction Of The Fungal Tree of Life

Ingo Ebersberger, Arndt von Haeseler
Center for Integrative Bioinformatics Vienna, MFPL, Austria

The kingdom of fungi provides model organisms for biotechnology, cell biology, genetics, and life sciences in general. Only when their
phylogenetic relationships are stably resolved, individual results from fungal research can be integrated into a holistic picture of biology.
We have combined 99 fungal genomes and ESTs from further 109 taxa into a phylogenomic study to resolve the backbone of the fungal tree
of life. A characterization of our data reveals that enriching for EST encoded data –a common practice to maximize taxon and gene
sampling— introduces a strong bias toward slowly evolving and functionally correlated genes. No such bias is seen when we selected for
single copy genes present in most of the available fungal genomes. Two complementary data sets analyzed with four different tree
reconstruction methods provide different perspectives on the deep fungal relationships. Consistent splits in these trees are therefore likely to
reflect true evolutionary relationships. Together with refined analyses addressing the phylogenetic positions of the Blastocladiomycotina,
Ustilaginomycotina and Dothideomycetes, we present the first consistency-based phylogenomic approach to resolve the evolutionary
relationships of an entire kingdom.
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Mice and men are different: insights from nucleotide substitution rates

Yves Clement, Peter F. Arndt
Max Planck Institute for Molecular Genetics, Germany

There are large-scale variations of the GC-content along mammalian chromosomes which have been called isochore structures. Primates
and murid rodents have different isochore structures. It has been shown that, in the human lineage, GC-biased gene conversion (gBGC), a
neutral process associated with meiotic recombination, acts on GC-content evolution by increasing the fixation probability of A or T (Weak)
to G or C (Strong) mutations.
To evaluate if gBGC is also active in murid rodents, we computed substitution patterns in the mouse lineage from genome-wide multiple
alignments. We were first able to show that gBGC influences GC-content evolution in mouse autosomes and that this is mainly due to malespecific recombination. However, gBGC is weaker in the mouse lineage compared to the human lineage.
Furthermore, we were able to show that Weak to Strong substitution rates are predicted by different factors in human and mouse: meiotic
recombination is their main predictor in the human lineage whereas it is CpG odds ratio in the mouse lineage. Although it is active in mouse
autosomes, gBGC is not the main factor influencing Weak to Strong substitution rates in the mouse lineage. This shows that substitution
patterns are under different influences in primates and rodents.
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Structural Mechanisms of Hemoglobin in Hypoxia Adaptation

Chandrasekhar Natarajan, Jake Oshlo, Jay F. Storz, Hideaki Moriyama
School of Biological Sciences, University of Nebraska-Lincoln, USA

Hypoxia is a pathological condition that the entire body or a part of the body has the lack of adequate oxygen supply. Hypoxia also involves
important characteristics of the tumor microenvironment. At a hypoxia condition, to keep the redox potential in the peripheral tissue, the
body system tries to increase quantity of hemoglobin by drawing capitally. Expression of alternative hemoglobin is also an option. Then
quality of hemoglobin could be evolved. Which has major role in hypoxia adaptation, quality or quantity of hemoglobin? One way to
address this question is the comparative studies of hemoglobin’s oxygen transportation ability as a function of physiological conditions with
precise measurement. To achieve the measurements, we have developed the system for expression and purification of recombinant
hemoglobin in Escherichia coli. We produced deer mouse hemoglobin using representative primary sequence of populations from high and
low altitude. Our preliminary data suggested that the target of modulation in hypoxia adaptation is not only in the individual molecule in the
molecule but also the super cooperatively of hemoglobin molecules.
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Opsin Phylogenetics Iluminates the Evolution of Colour Vision in Mammals

Bruno F. Simões1, Huabin Zhao2, Shuyi Zhang2, Stephen Rossiter3, Emma C. Teeling1
1UCD

School of Biology and Environmental Science, University College Dublin, Ireland, 2School of Life Science, East China Normal
University, China, 3School of Biological and Chemical Sciences, Queen Mary University of London, United Kingdom

Mammals have successfully colonized a vast range of ecological niches and have highly developed sensory capabilities, raging from a wide
olfactory repertoire to echolocation. Vision provides information fundamental for the survival of the almost 5000 mammal species that
currently exists. Studies of mammalian color vision have linked changes in opsin genes to differences in evolutionary history, ecology, as
well as other sensory capabilities. With the aim of establishing the evolution and functionality of mammalian photopigments, we sequenced
and gathered a molecular dataset that included 185 short-wavelength opsin genes (SWS1) and 68 medium-to-long wavelength opsin genes
(MWS/LWS) from across the major mammalian groups spanning 80 million years of mammal evolution. We focused particularly on bats
due to their great level of sensory specialization and wide diversity of ecological niches inhabited. These molecular data shows the SWS1
opsin has undergone multiple independent losses in many mammalian orders, but MWS/LWS is conserved thoughout mammalian
evolution. In bats the MWS/LWS is functional and sensitive between 536-560λm. Although the SWS1 is UV sensitive in most bats, in
some Yinpterochiropteran and Yangochiropteran lineages it has undergone mutations, leading to a loss-of-function, which are associated
with echolocation capabilities and roosting. This presentation concerns the evolution of opsins among mammals and the genetic
consequences of evolutionary history, laryngeal echolocation, olfaction, nocturnality, and ecological niche specialization on color vision.
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Theria-specific evolution in both coding and noncoding region of the Dlx4 gene

Kenta Sumiyama
National Institute of Genetics, Division of Population Genetics, Mishima, Japan

Dlx/Distal-less genes comprise a homeodomain-containing multigene family. Dlx4 is expressed in various evolutionarily novel structures in
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Identification of Critical Regulatory Domains of HoxA-11

Mauris Nnamani1, Jens Meiler2, Laura Mizoue2 and Günter Wagner1
1Department

of Ecology and Evolutionary Biology, Yale Systems Biology Institute, Yale University, New Haven, CT.
2Center for Structural Biology, Vanderbilt Univ. Nashville, TN.

HoxA-11 is a member of a large class of transcription factors called homeobox genes. It is involved in the regulation of placenta
development and required for female fertilization. We have recently shown that this gene experienced strong directional selection in the
stem lineage of mammals. We also reported that HoxA-11, although a repressor on the decidual prolactin promoter, is converted to an
activator when co-expressed with FOXO1A. This switch in transcription regulation was only noticed in HoxA-11 from placental mammals
and all the relevant amino acid substitutions are outside the homeodomain. Our goal in this study is to further understand the functional
architecture of the HoxA-11 protein in order to understand the functional significance of the derived amino acid residues. Computational
structure predictions suggest the existence of a structured domain in the N-terminal part of the HoxA11 protein, which we call MD, and
contain 10 of the derived amino acids. To determine the region of HoxA-11 that is necessary for the upregulation of prolactin and the role
of MD, we designed various truncation and deletion constructs of the HoxA-11 gene. Here, we show that the HoxA-11/FOXO1A
cooperative upregulation of prolactin is mediated through an activation domain and regulatory motif of HoxA-11 within amino acids
66-151. We further identified the minimal region of the activation domain necessary for the observed increase in prolactin gene expression
by designing additional C- and N-terminal deletion constructs of the domain. This regulatory region appears to be crucial in the regulation
of HoxA-11 transcriptional activity.
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Identification and characterization of lineage-specific highly conserved noncoding sequences in mammalian genomes

Mahoko Takahashi and Naruya Saitou
National Institute of Genetics, Mishima Japan

Living organisms have various characteristics that define lineages. The change in regulatory elements is thought to play a major role in
development of these lineage specific characteristics. Recent studies of genome comparisons among diverged species revealed that there are
many highly conserved noncoding sequences (HCNSs) in vertebrates, and many of them actually contain regulatory elements. Based on the
observations, one of the candidates for regulatory elements which contributed to the lineage specific evolution is the HCNSs conserved
only in one lineage because these lineage specific HCNSs may have gained new functions during the evolution of the lineage. However,
unlike the HCNSs conserved in the large lineage such as vertebrates, HCNSs conserved only in a small lineage comprised of closely related
species such as primates and rodents have not been well studied. We thus identified primate specific and rodent specific HCNSs as
representative ones among mammals from human-macaque and mouse-rat comparisons, respectively. The statistically overrepresented
functions of primate and rodent specific HCNS-flanking genes were developmental process and transcriptional regulation, consistent with
the characteristics of known mammalian or vertebrate shared HCNSs. We then compared these lineage-specific HCNS-flanking genes (LHF
genes) with known mammalian- and vertebrate-HCNS flanking genes. Interestingly, even though primate and rodent LHF genes showed
similar functions to mammalian- and vertebrate-flanking genes, the majority of both LHF genes were different from these known HCNS
flanking genes. This indicates that independent sets of genes contributed to develop lineage specific characteristics. Conversely, the number
of LHF genes which were shared by mammalian and vertebrate-flanking genes was small but significantly larger than expected, and many
of them were involved in nervous system development as transcriptional regulators. This suggests that certain groups of genes recruited
new HCNSs in addition to old HCNSs which are conserved among vertebrates. This group of genes might be involved in the evolution of
many lineages such as vertebrates, primates, and rodents. Our results provide new insights into the lineage specific evolution through
interactions between HCNSs and their LHF genes.
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The Differentiation of Sex Chromosomes in Eutherians and Marsupials

Yukako_Katsura1, Yoko_Satta1.
1

Graduate University for Advanced Studies, Japan

Sex chromosomes originated from a pair of autosomes. Some sex chromosomal genes were differentiated from alleles on autosomes by
suppression of recombination. In this study, we attempted to examine the differentiation of therian sex chromosomes through analyses for
the marsupial genome. 32 pairs of genes are located both X and Y chromosomes in eutherians and they are originated from a pair of genes
on autosomes (gametologs). In the opossum genome, among the 32, seven pairs are located on the X/Y chromosomes and 14 pairs on the
chromosomes 4 and 7. The average synonymous divergence of seven gametologs on the opossum genome was 1.38 ± 0.67. The divergence
time of these gametologs was estimated 232 ~ 180 million years ago (MYA) based on the synonymous divergence, assuming the
synonymous substitution rate of 5.95 × 10-9 ~ 7.67 × 10-9 /site/year. The divergence of gametologs is estimated to be before therian
divergence (148 ~ 190 MYA), suggesting that the suppression of recombination has simulataneously occurred in the common ancestor of
Theria. The gene conversion between in UBE1X/Y and SMCX/Y genes was detected in eutherians. Based on these results, we discuss the
differentiation of sex chromosome in early stage of mammals.
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Environmental Niche Specialisation and the Evolution of the Olfactory Subgenome in Mammals
Emma C Teeling, Sara Hayden, Michael Bekaert, Jennifer Commins, Lilanna Davalos

How do we smell? The answer lies in understanding the function of the roughly 1,000 mammalian genes, each 1000bp long, found on
nearly every chromosome that encode the olfactory receptors (OR). Although this gene superfamily constitutes 3-6% of mammalian protein
coding genes, and is well annotated in the finished human and mouse genomes, we still do not understand what odorants bind to which
receptors, and how this complex process translates into interpreting a particular smell. Using a genome wide comparative approach,
exploiting nature’s evolutionary experiments, we have identified genotypic changes in the functional mammalian OR gene repertoires that
are associated with divergent ecological phenotypes. We uncovered spectacular examples of OR gene losses in three independent lineages
of aquatic and semi-aquatic mammals, yet convergent, selective retention of similar functional OR families across 50 phylogenetically
divergent mammals. We further investigate whether this phenotypic adaptation in the OR subgenome can be seen at shallower evolutionary
timeframes and explore the effects of frugivory, sensory perception and the loss of a vomeronasal organ within mammals, focusing
particularly on the sensory specialist, the bats. These novel results show that the importance of olfactory receptor families and thus the
odors they bind, is directly associated with the habitat in which the animal exists regardless of evolutionary time frames.
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Evolutionary Rates Are Elevated for Genes with Homopolymeric
Amino Acid Repeats Constituting Nondisordered Structure

Jun Gojobori1 and Shintaroh Ueda2
1

School of Advanced Sciences, Graduate University for Advanced Studies, Japan
2Department of Biological Sciences, Graduate School of Science, the University of Tokyo, Japan

Homopolymeric amino acid repeats are tandem repeats of single amino acids. In human genome, about 650 genes are known to have this
kind of repeats comprising seven residues or more. Based on their evolutionary conservativeness, we classified the repeats into three
categories: those whose length is conserved among mammals (CM), those whose length differs among nonprimate mammals but is
conserved among primates (CP), and those whose length differs among primates (VP). Homopolymeric amino acid repeats is considered to
be structurally/intrinsically disordered. As expected, a large proportion of the repeats had a disordered structure. However, a number of the
repeats were predicted to have nondisordered structure for categories CM and VP, respectively. Higher Ka/Ks ratio was observed for the
genes with not disordered repeats than the genes with disordered repeats. These results indicate that amino acid substitution rates have been
elevated in the genes with nondisordered repeats.
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Co-evolving SP proteins and DNA binding sites functionally converge in birds and placental mammals

Ken Daigoro Yokoyama and David D. Pollock

Regulatory proteins bind specifically to hundreds of sites across the genome, and are therefore thought to rarely change binding specificity.
Contradicting this assumption, we show that the SP1 binding sequence was convergently altered in both eutherian mammals and birds. As
a result, ~800 regulatory regions have co-evolved to match these altered preferences. Structural and phylogenetic evidence implicates a
single causative amino acid replacement at the same SP1 position along both lineages. Furthermore, multiple convergent events
subsequently occurred in paralogs SP3 and SP4 at the homologous position to preserve competitive binding. Theoretical models suggest
that such regulatory system transformations are plausible in diploids via regulatory element birth/death processes, producing genome-wide
shifts in sequence preferences. The unprecedented scale of co-evolution and convergence strongly implicates positive selection.
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Contributed Oral Presentation 3: Plant evolution
Time and Room: 16:30-19:00, July 27, room C-3
Chairpersons: Tatsuya Ota and Masafumi Nozawa
Speakers:
Tzen-Yuh Chiang, National Cheng-Kung University, Taiwan
Takeshi Ito, National Institute of Agrobiological Sciences, Tsukuba, Japan
Tomoaki Nishiyama, Advanced Science Research Center, Kanazawa University, Japan
Jeffrey A. Fawcett, Graduate University for Advanced Studies, Japan
Maud Tenaillon, CNRS, France
Schedule:
9:30-10:00 Nishiyama: Land plant evolution learnt from moss and lycophyte genomes
10:00-10:30 Fawcett: Higher intron loss rate in Arabidopsis thaliana than A. lyrata due to stronger selection for a smaller genome
10:30-11:00 Chiang: Genomic divergence between sister species in plants: cases in Arabidopsis and Miscanthus
11:00-11:30 Ito: Comparative genome sequence analyses between African and Asian cultivated rice
11:30-12:00 Tenaillon: Whole genome sequencing to evaluate the contribution of transposable elements to the evolution of genome size in
Zea
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Using Gene Duplication Patterns to Profile Evolution of C4 Photosynthesis

Yao-Ming Chang1, Wen-Hsiung Li1,2,3, and Arthur Chun-Chieh Shih4
1Genomics

Research Center, 2Biodiversity Research Center, and 4Institute of Information Science, Academia Sinica, Taiwan, 3Department
of Ecology and Evolution, University of Chicago, U.S.A.

The evolution from C3 to C4 photosynthesis has been concluded that is largely a story of gene duplication. However, the conclusion was
too broad to explain the C4 evolution because gene duplication is a general evolutionary mechanism to generate new functions, not just
only for C4 photosynthesis. In this study, we used the maize paralog information and defined a duplication profile to represent the paralog
numbers in the most recent common ancestors (MRCAs). Then, we used a hierarchical approach to cluster the maize genes with paralogs
into 20 clusters. Interestingly, we found that ~75% of the genes have only single MRCAs and over 50% of them have their paralogs found
only in the maize genome. These genes and their paralogs may be more related to maize-specific phenotypes but less related to C4
development. Moreover, most C4 genes had been duplicated several times before Poaceae plants emerged and the duplication events of
some C4 genes occurred at similar times.
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Evoluton of sphingophily: a case study of Hemerocallis species

Tomotaka Matsumoto1, Akiko A Yasumoto2, Kozue Nitta2, Shun Hirota1, Tetsukazu Yahara2, Hidenori Tachida2
1Graduate

School of Systems Life Sciences, Kyushu University, Japan, 2Department of Biology, Faculty of Sciences, Kyushu University,
Japan

In the flowering plants, sphingophily, the night time flowering system, is a well known isolating mechanism. While this system has attracted
many evolutionists for a long time, its evolutionary process remains unknown because of the lack of well-studied model species.
Hemerocallis fulva and H. citrina are a pair of non-sphingophilous and sphingophilous species, and recently, Nitta et al. (2010) elucidated
the genetic mechanism of the flowering time of these two species. This finding enabled us to study sphingophily using a realistic model. In
the present study, we conducted simulation and theoretically evaluated the possibility of the evolution of sphingophilous H. citrina from H.
fulva. Under this model, newly emerged sphingophilous individuals contributed more gametes to the next generation because of the
decreased competition and thus, their frequency could increase. We found that the evolution and the maintenance of sphingophily were both
achieved with high probabilities even in a completely sympatric condition when the hybrid viability was intermediate.
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Evolution of galactolipid synthesis in plants, algae & parasites

Cyrille Y. Botté,.1∫§, Yoshiki Yamaryo-Botté1¶†, Jan Janouškovec Ω, Patrick J. KeelingΩ, Ross Coppel¶, Eric Maréchal§, Malcom J.
McConville † and Geoffrey I. McFadden∫
∫School

of Botany, University of Melbourne,§ Unité Mixte de Recherche 5168, CNRS, CEA, INRA, Université Grenoble 1, IRTSV/CEA
Grenoble, Grenoble, France.¶ Department of Microbiology, University of Monash, † Department of Biochemistry and Molecular Biology,
Bio21 Institute of Molecular Science and Biotechnology, University of Melbourne, Ω Botany Department, University of British Columbia,
Canada.

Apicomplexa are protist parasites that include Plasmodium spp., the causative agents of malaria, and Toxoplasma gondii, responsible for
toxoplasmosis. Most Apicomplexa possess a relict plastid, the apicoplast, which was acquired by secondary endosymbiosis of a red alga.
Despite being non-photosynthetic, the apicoplast is otherwise metabolically similar to algal and plant plastids and is essential for parasite
survival. Previous studies of Toxoplasma gondii identified membrane lipids with some structural features of plastid galactolipids, the major
plastid lipid class. However, direct evidence for the plant-like enzymes responsible for galactolipid synthesis in apicomplexan parasites has
yet been obtained. Chromera velia (C. velia) is an apicomplexan relative recently discovered in Australian corals. C. velia retains a
photosynthetic plastid, providing a unique model to study the evolution of the apicoplast. Here we report the unambiguous presence of
plant-like monogalactosyldiacylglycerol (MGDG) and digalactosyldiacylglycerol (DGDG) in C. velia, and localize DGDG to the plastid.
We also provide evidence for a plant-like biosynthesis pathway and identify candidate galactosyltranferases responsible for galactolipid
synthesis. Our study provides new insights in the evolution of these important enzymes in plastid-containing eukaryotes and will help
reconstruct the evolution of glycerolipid metabolism in important parasites such as Plasmodium and Toxoplasma.
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Intron Loss from Plant Mitochondrial Genomes: Is Retroprocessing the Mechanism?

Jeffrey P. Mower, Wenhu Guo, Nancy J. Hepburn, Derek W. Schmidt, Yizhong Zhang
Center for Plant Science Innovation, University of Nebraska-Lincoln, USA

The sporadic distribution of group I and II introns in the mitochondrial genomes of land plants and related green algae suggests an active
history of gain and loss during plant evolution. Because group I and II introns are mobile genetic elements, the mechanisms of intron gain
are well understood. Intron loss mechanisms are more speculative. Retroprocessing, the reverse-transcription and genomic integration of a
mature RNA molecule, is often implicated when intron loss is accompanied by loss of nearby sites of RNA editing. To more fully examine
the evidence for retropocessing, a comprehensive survey of intron loss was conducted at two scales: by evaluating all mitochondrial introns
from complete mitochondrial genomes and a few specific introns from a greatly expanded species sample. Surprisingly, except for a few
clear-cut cases, the evidence for retroprocessing is generally weak. However, there was even less support for an alternative model, loss via
direct genomic deletion. Additional explanations, such as gene conversion via RNA-DNA hybrid interactions, need to be more fully
considered.
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Origins and Evolution of MicroRNA Genes in Plant Species

Masafumi Nozawa1,2, Sayaka Miura1, and Masatoshi Nei1
1Institute

of Molecular Evolutionary Genetics, Pennsylvania State University, USA, 2Division of Evolutionary Biology, National Institute
for Basic Biology, JAPAN

MicroRNAs (miRNAs) are among the most important regulatory elements of gene expression in animals and plants. However, their origin
and evolutionary dynamics have not been studied systematically. In this study, we have identified putative miRNA genes in 11 plant species
using the bioinformatic approaches and examined their evolutionary changes. Our homology search indicated that no miRNA gene is
currently shared between green algae and land plants. The number of miRNA genes increased in the land plant lineage, but after the
divergence of eudicots and monocots the number has changed in a lineage-specific manner. We found that miRNA genes have originated
mainly from duplication of preexisting miRNA genes or protein-coding genes. This observation is quite different from that in Drosophila
species, where random hairpin structures in genomes seem to be a major source of miRNA genes. A possible reason will be discussed by
considering the recognition mechanisms of target genes of animal and plant miRNAs.
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Entangling Ancient Allotetraploidization of Asian Mitella (Saxifragaceae)

Yudai Okuyama1, Akifumi Tanabe2, and Makoto Kato3
1National

Museum of Nature and Science, Japan, 2University of Tsukuba, Japan, 3Kyoto University, Japan

The reconstruction of an ancient polyploidization history is a crucial step in clarifying the mechanisms underlying the contemporary
success and diversity of the polyploids. Phylogenetic relationships of duplicated gene pairs of polyploids with respect to their orthologs of
related diploids have been used to address this problem, but they often result in conflicting topologies among different genes, as is the case
in reconstructing the ancient tetraploidy of an Asian endemic lineage of perennials, Asimitellaria (Saxifragaceae). To overcome this
problem, here we employed the integrated approach, where five nuclear gene datasets were concatenated in all possible combinations, and
the most probable data combination was determined together with the phylogenetic inference. It resulted in a relatively robust support for
the two closely-related North American diploid species as the ancestral lineages of the Asimitellaria subgenomes, suggesting ancient intercontinental migration of the diploid or tetraploid lineages and subsequent tetrapoid diversification in the Japanese Archipelago. The present
approach enables to sort out duplicated genes into their original combinations in the pre-duplicated ancestors under a maximum likelihood
framework.
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Body-methylated genes in Arabidopsis thaliana tend to be essential and evolve slowly

Shohei Takuno and Brandon S. Gaut
University of California, Irvine

The methylation of coding regions, also known as body methylation, is conserved across eukaryotic lineages. The function of body
methylation is not known, but it may either prevent aberrant expression from intragenic promoters or enhance the efficacy of splicing.
Given these putative functions, we hypothesized that body-methylated genes would be both longer and more functionally important than
unmethylated genes. To test these hypotheses, we reanalyzed single-base resolution bisulfite sequence data from Arabidopsis thaliana to
differentiate body-methylated gene from unmethylated genes using a probabilistic approach. Contrasting genic characteristics between the
two groups, we found that body-methylated genes tend to be more essential than unmethylated genes based on morphological effects in
knock-out mutants, patterns of gene expression and the conservation of orthologs to A. lyrata. We also found that methylated genes evolve
more slowly than unmethylated genes despite the potential for increased mutation rates in methylated CpG dinucleotides. We propose that
slower rates in body-methylated genes are a function of higher selective constraint, higher nucleosome occupancy a lower proportion of
CpG dinucleotides.
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On the Nature of Mutations for the Recurrent Evolution of Self-Compatibility:
Empirical Studies in Brassicaceae

Takashi Tsuchimatsu1, Kentaro K. Shimizu1
1University

of Zurich, Switzerland

One of the most important challenges in evolutionary biology is investigating the general nature of mutations for recurrent adaptive
evolution. The evolution of self-fertilization (selfing) has been regarded as one of the most prevalent evolutionary transitions in angiosperm.
A major mechanism to prevent selfing is the self-incompatibility (SI) system, which consists of male and female specificity genes at the Slocus and SI modifier genes. In spite of many studies on the genetic basis of loss of SI in selfing species of Brassicaceae, it remains
unknown whether selfing arose generally through mutations in the female specificity gene (SRK), male specificity gene (SCR) or modifier
genes. We have been investigating the mutations that confer the loss of SI and arose to high frequency across geographically wide regions
in selfing species of Arabidopsis (Brassicaceae). Together with several emerging examples from other genera, we suggest that the evolution
of self-compatibility is often driven by mutations at SCR, and that its prevalence is consistent with theoretical predictions regarding the
evolutionary advantage of mutations in male components.
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Independent domestication of Asian rice cultivars and their ancient hybridization

Ching-chia Yang1,2, Yoshihiro Kawahara2, Hiroshi Mizuno2, Jianzhong Wu2, Takashi Matsumoto2, Takeshi Itoh2
1Graduate

School of Frontier Sciences, the University of Tokyo, Japan, 2Agrogenomics Research Center, National Institute of
Agrobiological Sciences, Japan

The domestication process of Asian wild rice Oryza rufipogon to the cultivated rice O. sativa is controversial. One hypothesis suggests a
single origin of cultivated rice followed by divergence of japonica and indica, two main subgroups of O. sativa, while the other suggests
that japonica and indica were independently derived from different types of O. rufipogon. Here we provide evidence of independent
domestication, which was clearly shown by a genome-wide comparative analysis of two wild rice accessions, W1943 and W0106, a
japonica cultivar Nipponbare, and an indica cultivar Guangluai-4. In addition, we found several low-diversity regions between Nipponbare
and Guangluai-4, suggesting that one ore more hybridization events occurred between japonica and indica subgroups. Moreover,
comparison between another indica cultivar 93-11 and Nipponbare indicated that Guangluai-4 and 93-11 share some similar low-diversity
regions. We discuss possible ancient hybridization event(s) between indica and japonica before divergence of the indica cultivars.
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Evolutionary rate heterogeneity in the genome of holoparasitic plant Balanophora laxiflora (Balanophoraceae)

Huei-Jiun Su and Jer-Ming Hu
Institute of Ecology and Evolutionary Biology, National Taiwan University, Taipei, Taiwan

The holoparasitic Balanophoraceae have highly simplified floral morphologies and is known for accelerated substitution rates on the
nuclear 18S ribosomal DNA and mitochondrial matR sequences. We examined several other nuclear genes from Balanophora laxiflora,
including MIKC type MADS-box genes and LEAFY homologues. Phylogenetic and rate analysis indicated that these nuclear genes do not
have high substitution, compared to 18S nrDNA or mt matR sequences. Compare to the nonparasitic core eudicots, the evolution of
Balanophora mitochondrial matR is significant accelerated in both nonsynonymous (dN) and synonymous (dS) substitution rates (about 11 –
fold), whereas the rate variation of nuclear functional genes LFY, PI, AP3, and TM6 are less diverse (0.5~1.8 -fold). Significant dS rate
increases were detected in Balanophora PI and TM6 homologs, but Balanophora euAP3 homologs displayed a significant dN rate
acceleration. The RT-PCR of B-class genes in B. laxiflora showed that BalPI is mainly expressed in tepals, synandriums and the floral
bracts of male inflorescences, and not in female organs; whereas BalAP3 and BalTM6 are widely expressed in both male and female
inflorescences and the basal bracts. The differential expressions of BalPI, BalAP3 and BalTM6 suggested the diversification of their
function. Moreover, the significant nonsynonymous substition rate indicated that Balanophora euAP3 genes are distinct in their level of
sequence divergence from the PI and TM6 genes.
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Contributed Oral Presentation 4: Theory
Time and Room: 9:30-12:00, July 28, room C-3
Chairpersons: Naoko Takezaki and Ikuo Uchiyama
Speakers:
9:30-9:45 Nicholas H. Putnam, Selective constraints on the evolution of metazoan genome organization
9:45-10:00 Ikuo Uchiyama, A rapid procedure for large-scale ortholog assginment and its application to metagenomic data
10:00-10:15 John M. Logsdon, Jr., Molecular evolution of meiotic genes in sexual and asexual rotifers
10:15-10:30 Sohini Ramachandran, Detecting gene flow with low-dimensional summaries of genotype data
10:30-10:45 Lucie Gattepaille, 1+1=3; combining SNPs into haplotypes can improve ancestry inference
10:45-11:00 Yosef Maruvka, Population genetics of large samples
11:00-11:15 Masato Yamamichi, Single-gene speciation revisited: allele dominance and pleiotropy
11:15-11:30 Nimrod D. Rubinstein, Evolutionary models accounting for layers of selection in protein coding genesand their impact on the
inference of positive selection
11:30-11:45 Ben Murrell, Heterotachy revisited: Mixing Markov substitution processes to identify lineages under episodic diversifying
selection
11:45-12:00 Klara L. Verbyla, The embedding problem for Markov models of nucleotide substitution
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Selective constraints on the evolution of metazoan genome organization.

Nicholas H Putnam, Paul Havlak, Jie Lv
Ecology and Evolutionary Biology, Rice University, USA

Metazoan genome sequencing has revealed extensive conservation of chromosomal gene complements from the common ancestor of all
multicellular animals in members of several animal phyla, including sponges, placozoans, cnidarians and chordates, while arthropods and
nematodes appear to have lost this ancestral pattern. Here we will describe a new model of gene movement among chromosomes, and a
maximum likelihood method for the joint reconstruction of the history of chromosome evolution and gene movement among chromosomes.
We have applied this method to reconstruct the history of genome evolution across the metazoan tree. The inferred history shows evidence
of a selective constraint acting to prevent the movement of a specific subset of genes between chromosomes. We will discuss possible
mechanisms for the constraint, and evaluate the available tests that could distinguish them.
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A rapid procedure for large-scale ortholog assginment and its application
to metagenomic data

Ikuo Uchiyama 1
1

National Institute for Basic Biology, Japan

Orthology analysis is a fundamental basis for comparative genomics and recent data explosion increases the necessity of rapid orthology
assignment. Here, we developed an incremental procedure for ortholog grouping among multiple genomes. Our basic method is the
DomClust algorithm, which is a hierarchical clustering procedure for ortholog grouping at the domain level. The procedure takes as input
the hierarchical clustering tree among the existing sequences and the similarities between the existing and the added sequences, and first
identifies ortholog group for each added sequence at the domain level, and then locates it on the hierarchical tree. We applied the method to
orthology assignment for metagenomic data, which is mixed and segmented genomic data from various environments without knowledge
about source organisms. Our method assigns each metagenomic sequence not only to an orthologous group but also to a taxonomic group
using the resulting hierarchical tree. Our test showed that the result of the incremental procedure coincides well with that of the nonincremental procedure when there is a sequence sufficiently similar to the query in the existing sequence set.
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Molecular evolution of meiotic genes in sexual and asexual rotifers

Andrew Schurko1, Sara Hanson1, David Mark Welch2, John M. Logsdon, Jr.1
1 University

2 Marine

of Iowa, Department of Biology, Iowa City, IA, 52242, USA
Biological Laboratory, Josephine Bay Paul Center for Comparative Molecular Biology and Evolution, Woods Hole, MA, 02543,
USA

Eukaryotic organisms that are capable of sex and meiosis apparently have a long-term evolutionary advantage since sexual reproduction is

Detecting gene flow with low-dimensional summaries of genotype data

Sohini Ramachandran1, Dahlia Nadkarni2, Matt Harrison2
1Ecology

and Evolutionary Biology, Brown University, USA, 2Division of Applied Mathematics, Brown University, USA

Low-dimensional summaries of SNP array datasets are useful for detecting population structure and signatures of evolutionary forces that
shape observed human genetic variation. Principal component analysis (PCA) has been applied to summarize multilocus human genetic
variation for decades. Yet, recent work has shown that principal components do not necessarily reflect specific migration events, especially
when applied to continuous spatial variation within continents. We draw on other unsupervised learning methods from applied mathematics,
usually applied to image data, to find low-dimensional manifolds of population genetic datasets that reflect the direction of gene flow
between groups. Our methods accurately diagnoses isolation-by-distance scenarios, detecting no latitudinal or longitudinal signal of
differentiation between simulated and observed populations where genetic correlation decreases smoothly with geographic distance. The
methods we study are not sensitive to the sampling distribution as PCA is, but may not have as direct a connection to the genealogical
relationships between samples as principal components do.
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1+1=3; Combining SNPs Into Haplotypes Can Improve Ancestry Inference

Lucie Gattepaille1, Mattias Jakobsson1
1Department

of Evolutionary Biology, EBC, Uppsala University, Sweden

Sometimes the whole accounts for more than its parts. Likewise, it has been suggested that combinations of SNPs, haplotypes, would carry
more information than the SNPs they contain. Here we focus on ancestry inference and we introduce the Gain of Informativeness for
Assignment (GIA), a new statistic that quantifies whether or not two markers should be combined together to improve the assignment of
individuals of unknown origin to candidate populations. We show that combining SNPs does not always lead to a better assignment and, in
particular, that independent markers should not be combined into a haplotype. However, combining SNPs according to the sign of GIA may
provide a solution to the problem of high linkage disequilibrium in dense SNP panels which is usually dealt with by discarding substantial
amount of SNPs from the data. Guided by GIA to construct haplotypes, we also show significant improvement of assignment of individuals,
on both simulated and empirical data from European populations. Finally, we will touch upon other applications of GIA such as population
structure inference and case-control studies.
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Single-gene Speciation Revisited: Allele Dominance and Pleiotropy

Masato Yamamichi1, Akira Sasaki1,2
1The

Graduate University for Advanced Studies, Japan, 2IIASA, Austria

Classically, Dobzhansky and Muller proposed a universal model of speciation, where single-gene speciation (speciation as a result of
genetic substitution at a single locus) is impossible because any single mutation causing reproductive isolation is selected against. Contrary
to this model, a gene for left-right reversal of polarity could have given rise to a new species in snails. Dextral (clockwise coiling) and
sinistral (counter-clockwise coiling) snails hardly mate with each other, but mirror-image species originated multiple times. Orr (1991)
indicated that a key to facilitate single-gene speciation is a maternal effect of snail coiling (delayed inheritance in which an individual’s

Evolutionary models accounting for layers of selection in protein coding genes and their impact on the inference of positive
selection
Nimrod D. Rubinstein, Adi Doron-Faigenboim, Itay Mayrose, Tal Pupko
Tel Aviv University, NESCent

The selective forces acting on a protein-coding gene are commonly inferred using evolutionary codon models by contrasting the rate of
nonsynonymous substitutions to the rate of synonymous substitutions. These models usually assume that the synonymous substitution rate,
Ks, is homogenous across all sites, which is justified if synonymous sites are free from selection. However, a growing body of evidence
indicates that the DNA and RNA levels of protein-coding genes are subject to varying degrees of selective constraints due to various
biological functions encoded at these levels. Here we develop evolutionary models that account for these layers of selection by allowing for
both among-site variability of substitution rates at the DNA/RNA level (which leads to Ks variability among protein coding sites) and
among-site variability of substitution rates at the protein level (Ka variability). These models are constructed so that positive selection is
either allowed or not. This enables statistical testing of positive selection when variability at the DNA/RNA substitution rate is accounted
for. Using this methodology, we show that variability of the baseline DNA/RNA substitution rate is a widespread phenomenon in coding
sequence data of mammalian genomes, most likely reflecting varying degrees of selection at the DNA and RNA levels. Additionally, we use
simulations to examine the impact that accounting for the variability of the baseline DNA/RNA substitution rate has on the inference of
positive selection. Our results show that ignoring this variability results in a considerable amount of erroneous positive selection inference.
Our newly developed model, which accounts for this variability, does not suffer from this problem and hence provides a likelihood
framework for the inference of positive selection on a background of variability in the baseline DNA/RNA substitution rate.
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Heterotachy revisited: Mixing Markov substitution processes to identify lineages under episodic diversifying selection

Ben Murrell1,2, Sergei L Kosakovsky Pond3, Mathieu Fourment4, Simon DW Frost5, Wayne Delport 4, Konrad Scheffler1
1Computer

Science Division, Department of Mathematical Sciences, University of Stellenbosch, South Africa, 2Biomedical Informatics
Research Division, Medical Research Council, South Africa, 3Department of Medicine, University of California San Diego, USA,
4Department of Pathology, University of California San Diego, USA, 5Department of Veterinary Medicine, University of Cambridge, UK

Adaptive evolution frequently occurs in episodic bursts, localized to a few sites in a gene and to a small number of lineages in a phylogeny.
We introduce a new “branch-site” model where the process at every branch-site combination is a mixture of Markov substitution models –
at a particular site, the selective class of each branch is an unobserved state chosen independently of the selective class of any other branch.
This enables us to efficiently compute the likelihood for models in which variation over branches (and not just sites) is described in the
random effects likelihood framework. When benchmarked on a previously published set of simulated sequences, our method consistently
matched or outperformed existing branch-site tests in terms of power and error rates.
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The Embedding Problem For Markov Models Of Nucleotide Substitution

Klara L. Verbyla1, , Yap Von Bing2, Gavin Huttley1
1

John Curtin School of Medical Research, Australian National University, Australia, 2 Department of Statistics and Applied Probability,
National University of Singapore, Singapore

Contributed Oral Presentation 5: Drosophila evolution

Neutral Evolution Of Robustness In Drosophila MicroRNA Precursors

Nicholas Price,1 Reed A. Cartwright,1,2 Niv Sabath,1,3 Dan Graur,1 and Ricardo B. R. Azevedo1
1Department

of Biology and Biochemistry, University of Houston, Houston TX USA
2Department of Ecology and Evolutionary Biology, Rice University, Houston TX USA
3Department of Biochemistry, University of Zurich, Zurich, Switzerland

Mutational robustness describes the extent to which a phenotype remains unchanged in the face of mutations. Theory predicts that only
long sequences in organisms with high deleterious mutation rates and large population sizes are expected to evolve mutational robustness.
Surprisingly, recent studies have concluded that molecules that meet none of these conditions—the microRNA precursors (pre-miRNAs) of
multicellular eukaryotes—show signs of selection for mutational and robustness. To resolve the apparent disagreement between theory and
these studies, we have reconstructed the evolutionary history of Drosophila pre-miRNAs and compared the robustness of each sequence to
that of its reconstructed ancestor. In addition, we “replayed the tape” of pre-miRNA evolution via simulation under different evolutionary
assumptions and compared these alternative histories with the actual one. Contrary to earlier claims, we find no evidence that Drosophila
pre-miRNAs have been shaped by either direct or congruent selection for any kind of robustness. Instead, the high robustness of these
RNAs appears to be mostly intrinsic and likely a consequence of selection for functional structures.
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Conservative Segments of Proteins Evolve under the Strongest Positive Selection

Georgii A. Bazykin1,2, Alexey S. Kondrashov1,3
1Department

of Bioengineering and Bioinformatics, M.V. Lomonosov Moscow State University, Vorbyevy Gory 1-73, Moscow, 119992,
Russia, 2Institute for Information Transmission Problems of the Russian Academy of Sciences (Kharkevich Institute), Bolshoi Karetny
pereulok 19, Moscow, 127994, Russia, 3Life Sciences Institute and Department of Ecology and Evolutionary Biology, University of
Michigan, Ann Arbor, MI 48109-2216, USA

It is routinely assumed that positive selection which favours new mutations plays a larger role in the evolution of rapidly-evolving segments
of the genome. Here, we show that the opposite is true. McDonald-Kreitman test, applied to data on variation in Drosophila melanogaster
and in D. simulans, indicates that at most conservative protein sites, ~72% (~80%) of allele replacements were driven by positive selection,
as opposed to only ~44% (~53%) at rapidly-evolving sites. Data on multiple nonsynonymous substitutions at a codon additionally indicate
that positive selection driving allele replacements at conservative sites is the strongest. Thus, random drift plays only a minor role in the
evolution of conservative DNA segments, and those rare allele replacements that occur within them are mostly driven by substantial
positive selection.
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Population Genomics of Drosophila melanogaster and Drosophila simulans Protein Coding Sequences

Yuh Chwen G. Lee, David J. Begun, Charles H. Langley
Department of Evolution and Ecology, University of California, Davis, USA

Understanding the evolutionary forces shaping polymorphism and divergence of protein sequences has been a long-standing interest in
evolutionary genetics. Here, we used 44 D. melanogaster (from Africa and North America) and six D. simulans genomes from DPGP
(dpgp.org) to investigate the evolution of coding sequences from an unbiased genomic perspective. Several of our observations supported
previous findings using smaller data sets while the data also revealed many previously undocumented patterns and processes. Contrary to
previous reports, our results showed that not only the presence but also the extent of recombination is important in alleviating selection
interference and facilitating adaptive evolution. Surprisingly, high frequency D. melanogaster inversions did not seem to have the
appreciable effects on selection interference and differences between the two species as has been suggested in the literature. High levels of
differentiation between the African and North American populations were also observed, which we cannot solely attribute to the recent
demographic history as recombination rates are positively correlated with differentiation. Additionally, for the first time on a genomic scale,
we reported genes with overabundant ancestral amino acid polymorphism that are potentially resulting from balancing selection of
antagonistic interactions between Drosophila and pathogens, genomic parasites or plant secreted chemicals.
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The Molecular Evolution of DDT Resistance in Drosophila melanogaster

Charles Robin, Joshua Schmidt
The Department of Genetics, The University of Melbourne, Australia

Insecticide resistance is a trait of agricultural importance and a classic micro-evolutionary model in which to study the genetic basis of
adaptation. It is typically considered as response to extreme selection that features a small number of genetic changes with major effects. In
classic work from the 1950s J.F. Crow demonstrated DDT resistance in selected strains of D. melanogaster was polygenic, yet the
molecular identity of these polygenes remains unknown. We have shown that a major contributor to field variation in DDT resistance is the
Cypg1 gene and that successive alleles at this locus have swept through natural populations. Here we present our molecular evolutionary
analyses of the Cyp6g1 locus and our attempts to identify the other genes that contribute to DDT resistance in D. melanogaster. We
performed a genome-wide association study of DDT resistance that reveals about 20 molecular variants that are associated with survival at
24 hours. Among the implicated genes are those that may regulate detoxification pathways or modify the accessibility of proteins targeted
by insecticides.
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Differentiation of Metabolic Function During Incipient Speciation in Drosophila melanogaster

Anthony J. Greenberg1, Sean R. Hackett1, Lawrence G. Harshman2 and Andrew G. Clark1
1Dept.
2School

of Molecular Biology and Genetics, Cornell University, USA
of Biological Sciences, University of Nebraska-Lincoln, USA

Core metabolism is conserved from bacteria to humans. Nevertheless, adaptation to new environments often involves changes in metabolic
function. To investigate how such shifts occur in the face of strong purifying selection, we measured activities of 19 enzymes and a number
of physiological variables, including weight, triglyceride levels, and respiratory function. We assessed these parameters in crosses of 92
inbred D. melanogaster lines from five populations. Our sample included flies from Zimbabwe, a population that is partially behaviourally
isolated from other D. melanogaster. We find extensive among-population differentiation in metabolic function, with Zimbabwe and
Beijing populations particularly distinct. Moreover, we see evidence of genetic incompatibility in between-population crosses. Despite this
extensive divergence, the network of metabolic regulation, as reflected in correlations of enzyme activities across genetic and
environmental perturbations, remains essentially unchanged. Our results suggest that local adaptation can produce extensive changes in
metabolism while maintaining tight regulation of enzyme activities that is essential for life.
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Empirical validation of SNP frequency estimation by pooled resequencing

Zhu Yuan
Stanford University, U.S.A.

Sequencing of pooled, non-barcoded individuals holds a great promise for the cheap and efficient assessment of genetic states of whole
populations. Previous studies showed that this approach is theoretically sound. However, at this point there is a dearth of studies that verify
that this approach does indeed provide reliable and unbiased estimates of alelle frequencies in real-life applications. In order to provide
such a verification we sequenced a pooled library of 22 D. melanogaster strains that have been individually sequenced by DPGP and for
which the data are publicly available. Our results show that the biggest source of error in the estimates of allele frequency is incorrect
mapping of sequencing reads, most of which is likely driven by unmapped or mis-mapped duplications and deletions. For the subset of the
SNPs that appear to map correctly -- reads map with high confidence with the number of reads within one standard deviation of the average
read depth -- pooled sequencing provides a faithful estimate of SNP frequency with the error well approximated by binomial sampling. We
used SNPs private to individual strains to estimate the variation in the amounts of DNA that each strain contributed to the pool. This
variance was surprisingly small (within 20%) and implies that pooled resequencing of larger numbers of D. melanogaster strains would be
only weakly affected by the unequal DNA contributions. We conclude that pooled population resequencing is a powerful and reliable
technique that provides means for quick and efficient estimation of allele frequencies provided that errors of read mapping are minimized.
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Looking for Gene Expression Sources of Inbreeding Depression in Drosophila melanogaster

Garcia C1, Avila V2, Caballero A2, Quesada H2
1Santiago

de Compostela University, CIBUS, Santiago de Compostela, Spain, 2University of Vigo, Department of Biochemistry, Genetics
and Immunology, Vigo, Spain

The genomic causes of inbreeding depression are poorly known. Several studies have found widespread transcriptomic alterations in inbred
organisms, but it was not clear which of these alterations, if any, were causing the depression and which were mere responses to the ensuing
physiological stress. Attempting to differentiate causes from responses, we made a c-DNA Microarray analysis of inbreeding depression in
Drosophila melanogaster. The rationale of the experiment was that, while depression is a general phenomenon having similar results in all
inbred lines, its first genetic causes would be different for each inbred line, as it is caused by the fixation of rare deleterious genes, which
would be not the same in all lines. We took four sets of inbred sub lines, each set descending from a different founding pair, and compared
the expression in the three most and the three least depressed sub-lines from each set. Many changes in expression were common to all sets,
but fourteen genes, grouped in at least five expression clusters, showed strong set-specific changes, and were therefore possible sources of
the inbreeding depression.
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Patterns of Recurrent and Recent Selective Sweeps within piRNA Pathway Proteins in the Host/Transposon Genomic Conflict

Alfred Simkin1, Alex Wong2, Yu-Ping Poh1, William E. Theurkauf3 & Jeffrey D. Jensen1
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*corresponding author

Uncontrolled transposable element insertions and excisions can wreak havoc on a genome, causing mutations that can have drastic impacts.
Short noncoding P-element associated RNAs (piRNAs) and the proteins that process them are essential to the silencing of transposable
elements and thus to host viability. Despite this observation, many transposable elements effectively dodge host defenses over evolutionary
time, suggestive of an “evolutionary arms race”. Therefore, we hypothesize that piRNA processing proteins that most directly recognize
transposon sequences may face strong, recurrent selective pressures. Analyses conducted among Drosophila suggest that while only a small
number of piRNA proteins including Rhino may have undergone recurrent selection assessed across the entire phylogeny, larger groups of
mostly nonoverlapping proteins appear to be strongly associated with more recent lineage-specific and population-specific adaptation to
existing transposable elements.
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Molecular evolution in the non-recombining heterochromatic regions of D. melanogaster

Jose L. Campos, Penelope R. Haddrill and Brian Charlesworth
Institute of Evolutionary Biology, University of Edinburgh, U.K.

We have examined the effects of recombinational environment on patterns of evolution using a genome-wide comparison of D.
melanogaster and D. yakuba. Importantly, we report the evolutionary patterns observed in the recently annotated heterochromatic genes of
D. melanogaster where recombination is absent, and contrast these patterns with the recombining regions of D. melanogaster. We found
little differences in the evolutionary patterns among recombining regions with different frequencies of crossing over. However, regions of
the genome with no crossing over showed very distinct patterns from any recombining regions: elevated non-synonymous divergence,
lower codon usage bias, and increased gene length. We also found slightly higher levels of synonymous divergence in the non-recombining
genes. As genes in the heterochromatin might be expected to be less highly expressed than euchromatic genes, we studied levels of gene
expression, in order to correct for any possible effects of low expression that could cause the observed lower codon usage bias and higher
rate of protein sequence evolution in these regions. However, genes in non-recombining regions showed similar levels of expression as in
recombining regions. The patterns observed are consistent with a reduction in the efficacy of selection associated with a lack of
recombination, resulting in the accumulation of slightly deleterious mutations.
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ABCC, CDPG, Neutral Theories: Japanese Profiles in Molecular Evolution

Tomoko Y. Steen
Department of History, Johns Hopkins University, U.S.A.

When interviewed in 1992, Motoo Kimura said “Duncan MacDonald’s suggestion to study in the United States changed the course of my
life significantly.” Duncan MacDonald was the successor of William Jack Schull, with whom James Neel initiated genetics studies of the
atomic bomb survivors at the Atomic Bomb Casualty Commission (ABCC).

Many of the next generation of Japanese molecular

evolutionary biologists after Kimura studied at the Center for Demographic and Population Genetics (CDPG) in Houston, Texas under the
directorship of William Jack Schull, while Masatoshi Nei was present there. “It was purely coincidence!” Kimura remarked upon the shared
roots in ABCC of the sources of advice that directed himself and the following generation of Japanese scientists. I will recount a series of
interviews conducted to follow the oral history of molecular evolution in Japan, looking at the coincidences and at the parallel paths often
taken. The interviewees include William Jack Schull, Masatoshi Nei., James F. Crow, Motoo Kimura, and Tomoko Ohta.
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The Chromatin Insulator CTCF and the Emergence of Metazoan Diversity

Peter Heger*1,2, Birger Marin3, Marek Bartkuhn4, Thomas Wiehe1 and Einhard Schierenberg2
1Institute

for Genetics, Cologne Biocenter, University of Cologne, Zülpicher Straße 47a, 50674 Köln, Germany, 2Zoological Institute,
Cologne Biocenter, University of Cologne, Zülpicher Straße 47b, 50674 Köln, Germany, 3Botanical Institute, Cologne Biocenter,
University of Cologne, Zülpicher Straße 47b, 50674 Köln, Germany, 4Institute for Genetics, Justus-Liebig-University, Heinrich-Buff-Ring
58, 35390 Gießen, Germany

The great majority of metazoans belongs to bilaterian phyla. It is thought that they diversified during a short interval in Earth's history
known as the Cambrian explosion, ~540 million years ago. However, the genetic basis of these events is poorly understood. Here we show
the emergence of the chromatin insulator CTCF (CCCTC-binding factor) in the common ancestor of Bilateria. The CTCF protein and its
binding sites are strictly conserved in all major bilaterian phyla. We reveal that Hox gene expression, and thus body patterning, is dependent
on CTCF's boundary activity in both, vertebrates and Drosophila, and demonstrate that selective pressure maintained CTCF-binding sites
within vertebrate and Drosophila Hox gene clusters. In addition, we find a close correlation between the presence of CTCF and Hox gene
clusters across phyla, suggesting that the link between CTCF and Hox gene expression is conserved across the Bilateria. Based on these
findings, we propose the existence of a Hox-CTCF kernel as principal organizer of bilaterian body plans. The kernel is able to explain (i)
the formation of Hox clusters in Bilateria, (ii) the diversity of bilaterian body plans, and (iii) the uniqueness and time of onset of the
Cambrian explosion.
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Genome-Wide Coldspots For Gene Copy Number Variation In Vertebrates

Takashi Makino
Graduate School of Life Sciences, Tohoku University, Japan

Extensive studies reported copy number variations (CNVs) on vertebrate genomes. CNVs seem to be distributed in the genomes nonrandomly, however the overall picture of the distributions for CNVs and gene duplication remains poorly understood. Recently, Makino and
McLysaght have shown that duplicated genes derived from Whole genome duplication (ohnologs) are refractory to CNVs from the point of
view of dosage balance. CNV would occur anywhere in a genome, however I assume that duplication of a genomic segment including a
dosage-balanced gene such as an ohnolog must be deleterious, resulting in that individuals with such CNV would be removed from a
population. According to this idea, I hypothesize that non-ohnologs on a segment including an ohnolog are unlikely to duplicate. I found a
strong positive correlation between the proportion of non-ohnologs displaying CNV and distance to their closest ohnologs in human. I also
observed that non-ohnologs having CNVs were unlikely to overlap ohnolog-rich regions. The same trends were observed for other
vertebrate genomes. I discuss about biological significance for function and evolution of genes inside/outside of CNV coldspots.
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Reasons why dating the two-round whole genome duplications is so difficult

Tereza Manousaki1, Axel Meyer1, Shigehiro Kuraku1
1Department

of Biology, University of Konstanz, Germany

Cyclostomes (hagfishes and lampreys) represent the earliest extant lineage of vertebrates, and provide ideal systems for elucidating the
process of so-called two-round (2R) whole genome duplications as well as investigating morphological novelties in vertebrates. According
to typical 'markers' of genome evolution, such as Hox gene clusters, it has long been suggested that these animals have an intermediate
level of genetic redundancy between early chordates and jawed vertebrates, marking the ‘mid-2R’ status. Recently, I proposed the ‘post-2R
cyclostome’ hypothesis based on a dataset containing relatively long genes. Still, in phylogenetic inference for individual gene families,
orthology of a cyclostome gene to a jawed vertebrate gene is almost always supported highly ambiguously, and this often obscures 1-to-1
comparison of gene regulation and function involving cyclostomes. As one of possible causes of this ambiguity, I propose that different sets
of paralogs, derived from the 2R genome duplication, could have been retained between cyclostome and jawed vertebrate lineages, and that
this ‘hidden paralogy’ might be a remarkable nature of the cyclostome phylome.
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Exploring the Sister Cell Type of Endometrial Stromal Cells Using RNA-seq Data

Koryu Kin1, Vincent J. Lynch1, and Günter P. Wagner1
1Yale

Systems Biology Institute, Yale Univeristy, USA

It has been recognized that the number of cell types increased in the metazoan evolutionary history. However, how it happened has
remained obscure. One possible way of increasing the number of cell types is by duplication and divergence. If this is often the case for the
evolution of new cell types, we can in principle reconstruct an evolutionary “cell type tree” and to find a “sister cell type” of each cell type.
Here, we report our attempt to find the sister cell type of endometrial stromal cells (ESCs). ESC is essential for successful pregnancy in
mammals and is considered to be a mammalian evolutionary innovation. Elucidating its sister cell type relationship is expected to shed light
on its evolutionary origin. Using the RNA-seq data of six different cell types,we found that follicular dendritic cells, which help B-cell
maturation in lymph nodes, are the closest to ESC in terms of gene expression. The implications of the result, including its relevance to the
evolution of pregnancy in mammals, will be discussed.
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On the Origin of the Vertebrate Pharyngeal Arch; Insight from Expressions and Functions of Pax1/9

Kazunori Okada1, Hector Escriva2, Keiji Inohaya3, Akira Kudo3, Hiroshi Wada1
1Univ.

Tsukuba, Japan, 2Observatoire Océanologique de Banyuls sur Mer, France, 3Tokyo Insti. Tech., Japan

Pharyngeal arches are important characteristics of vertebrates. Although concerted iterative structure between neural crest cells and
pharyngeal endoderm is essential for pharyngeal arch morphogenesis, it is largely unknown how the segmental structure is brought about in
the pharyngeal endoderm. We provide evidences that Pax1 is indispensable for the development of segmental out-pocketing of pharyngeal
endoderm in medaka embryogenesis. Detail examination of Pax1 expression in medaka pharyngeal endoderm indicated that Pax1
expression prefigured the positions where next pharyngeal pouches would form. Interestingly, Pax1/9 cognates of both lamprey and
amphioxus were expressed in a similar fashion prefiguring pharyngeal pouch out-pocketing. This suggests that Pax1/9 perform critical role
in the segmentation of the pharyngeal endoderm. Furthermore, we found that the coordinated segmentation between the neural ectoderm
and the pharyngeal endoderm is also established in amphioxus. These results indicated that evolution of the vertebrate pharyngeal arch was
achieved by utilizing the readily-established concerted segmentation between neuroectoderm and pharyngeal endoderm, where Pax1/9
performs critical role.
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Dynamics of mitochondrial heteroplasmy in three families: A repeatable re-sequencing study

Hiroki Goto1, Benjamin Dickins1, Enis Afgan2, Ian Paul1, James Taylor2, Anton Nekrutenko1, and Kateryna Makova1
1Center
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2Department of Biology, Emory University, Atlanta, GA, USA

Heteroplasmy – the presence of several mitochondrial DNA (mtDNA) variants within an individual -- is an important component of
eukaryotic genetic diversity. The frequency of heteroplasmies varies from generation to generation due to the bottleneck occurring during
oogenesis. To understand alterations in heteroplasmic allele frequencies , it is critical to investigate the dynamics of mtDNA transmission.
Here we sequenced, at high coverage, mtDNA from blood and buccal tissue of nine individuals from three families (a total of six
transmissions). Using simulations and re-sequencing of clonal DNA, we devised criteria for detecting polymorphic sites in heterogeneous
genetic samples, that is resistant to the noise originating from massively parallel sequencing technologies. Application of these criteria to
nine human mtDNA samples revealed four heteroplasmic sites. Our results suggest that the incidence of heteroplasmy may be lower than
estimated in some recent studies, and that heteroplasmic frequencies differ significantly between tissues of the same individual and between
mother and child.
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Genome-wide Comparison of Sexual vs. Asexual Populations of Daphnia pulex Reveals Loci Underpinning the Evolution of
Obligate Asexuality

Abraham E. Tucker1, Michael Lynch1
1Indiana

University, USA

The North American Daphnia pulex radiation includes a number of recent conversions of sexual populations to obligate asexuality. The
complete loss of sex in these lineages provides an opportunity to understand the genetic basis of shifting reproductive mode. Additionally,
population genetic theory predicts that loss of recombination will reduce the efficiency of natural selection in asexual lineages. In order to
quantify the genomic effects of losing recombination, and determine the genetic causes of obligate asexuality, we analyzed the entire
diploid genomes from 11 sexual and 11 asexual D. pulex populations. We performed a number of genome-wide analyses, including
maximum likelihood estimates of heterozygosity across each genome, as well as tests of selection, including the McDonald-Kreitman
Neutrality Index, to determine regions of the genome under different selective pressures in sexual vs. asexual populations. Our study
detected loci of extreme heterozygosity in all obligate asexuals and identified alleles common to all asexual populations, many with
relatively low πA/πS. These results support a model where unrelated sexual populations are converted to obligate asexuality via the spread
of an ancient meiosis-suppressing genetic element.
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B chromosomes have gained a function in sex determination in Lake Victoria cichlids
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Science, Hokkaido University, 3Primate Research Institute, Kyoto University, 4Department of Applied Molecular Biosciences, Graduate
School of Bioagricultural Sciences, Nagoya University

B chromosomes are found in many organisms in addition to standard chromosomes (autosomes and sex chromosome). They are believed to
be selfish genetic elements with little effect on phenotype and few functional genes. Here we show that the B chromosomes in one cichlid
species are female specific. Furthermore, cross-breeding using females with and without B chromosomes demonstrated that the presence of
B chromosomes caused a female-biased sex ratio in this species. These data, together with the evidence that they contain several proteincoding genes derived from sex chromosomes, suggest that the B chromosomes have gained a functional in sex determination in Lake
Victoria cichlid species. We propose that such newly emerged B chromosomes in Lake Victoria might represent an evolutionary transition
toward the generation of sex chromosomes.
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New Approximate Bayesian Methods and the History of the Cichlid Fishes of Africa's Great Lakes

Jody Hey and Aude Grelaud
Rutgers University, USA

The haplochromine cichlids of the African great lakes are famous for their unparalleled species diversity. However there persist many basic
questions about the timing and circumstances of the founding of the cichlid species flocks in each of the different lakes. To address these
questions several laboratories have joined in a collaborative effort to genotype for a set of SNP loci a large number of species from each of
the lakes and surrounding rivers. Although the SNPs were first discovered in a small sample of fish in Lake Malawi, very high levels of
shared variation were found among species in different lakes and rivers. A new method of approximate Bayesian computation (ABC) was
developed to analyze data that is conditioned on an ascertainment sample. The method was applied to a series of models with both
phylogenetic and population genetic components to address how and when the cichlid flocks of the African great lakes originated.
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MicroRNA-driven ontogenetic patterns show accelerated evolution in the human brain

Mehmet Somel,1,2 Xiling Liu,1 Lin Tang,1 Zheng Yan,1 Hai Yang Hu,1 Song Guo,1 Guo Hua Xu,1,2 Gangcai Xie,1 Na Li,3 Yuhui Hu,3 Wei
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Within the last decade multiple studies reported accelerated evolution of the human brain transcriptome - that is, a disproportionately high
number of gene expression changes on the human lineage relative to those on the chimpanzee lineage. These findings supported the notion
that gene expression changes might underlie the appearance of human cognitive abilities. However, the mechanisms of this divergence were
not yet investigated. In this study we measured gene expression in a large number of primate brains across postnatal ontogenesis, allowing
us to separate expression differences among species into constitutive differences (fixed across developmental time) and pattern differences
(developmental remodeling). Unexpectedly, these differences showed opposite functional and evolutionary characteristics. We found that
constitutive differences comply with a model of neutral expression divergence and appear driven by cis-regulatory divergence. By contrast,
developmental remodeling displays accelerated evolutionary rate on the human lineage, mainly in the prefrontal cortex and to less extent in
the cerebellum. Further, this accelerated developmental remodeling in the human prefrontal cortex appears caused by massive changes in
developmental profiles of micro RNA. These results refine the hypothesis that brain-gene expression level changes underlie human
cognitive evolution, pointing to developmental modeling driven by trans-factors as a main source of human-specific changes.
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A likelihood framework to model gene expression through a phylogeny

Rori Rohlfs1, Patrick Harrigan1, Rasmus Nielsen1,2
1University

of California, Berkeley, United States, 2University of Kopenhagen, Denmark

Recent technological innovations, specifically the development of RNA-Seq, have facilitated the collection of reliable gene expression data
across tissues and species. These data enable comparative evolutionary analysis of gene expression, allowing exploration of long-standing
hypotheses regarding the role of gene expression in adaptation.
We have implemented a statistical model for the evolution of gene expression through a phylogeny based on an Ornstein-Uhlenbeck
process. This model accounts for phylogenetic relationships between species, constraints on gene expression, and the possibility of
directional selection on gene expression level. Observed gene expression data can be fit to various models, including unconstrained neutral
expression evolution, constrained expression evolution, and constrained expression evolution with lineage-specific directional selection.
The likelihood of the data under different models in this framework can be compared to test hypotheses regarding gene expression
evolution and selection.
We have demonstrated the validity of these methods through simulation studies and applied the framework to study an experimental
dataset. Our analyses confirm that expression evolution is better modeled by accounting for phylogenetic structure and show that a large
portion of the genes considered appear to be under evolving with constraints on expression level. Further, we have found that the
expression levels of some genes are subject to direction selection specifically along the human and primate linages.
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Transmission distortion observed in human pedigrees

Wynn K. Meyer1, Carole Ober1,2, Richard R. Hudson3, Molly Przeworski1,3,4
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Ecology and Evolution, University of Chicago, USA, 4Howard Hughes Medical Institute, USA

Transmission distortion (TD) is well documented in many organisms, but not in humans. To scan for TD, we applied the transmission
disequilibrium test genome-wide to three human pedigree datasets of European descent: the Framingham Heart Study (FHS), a founder
population of European origin, and a subset of the Autism Genetic Resource Exchange (AGRE). In FHS and HUTT, despite extensive
quality control, we could not exclude genotyping error as the source of the majority of signals. In AGRE, many signals spanned multiple
SNPs, a pattern highly unlikely under genotyping error. We here identified several candidate regions, notably a genome-wide significant
locus in 10q26.13 with a signature of recent positive selection and a signal in 6p21.1 previously suggested from analysis of 30 European
males. We found strong enrichment for tight junction protein-coding genes near maternal signals. Whereas the centromeric drive hypothesis
predicts frequent maternal TD near centromeres, we found no strong maternal signals near centromeres.
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Construction of rice chloroplast DNA reference data and its application for ancient DNA analysis of over 2,000 years old rice seed
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Masahiko Kumagai1,2, Li Wang3, Shintaroh Ueda1
1Tokyo
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The domestication of Asian rice, Oryza sativa, is thought to be started around 10,000 years ago. Despite decades of research, the origin and
domestication history of rice have not been fully revealed. Ancient rice remains have been excavated from archaeological sites across Asia.
By conducting DNA analysis using these rice specimens, new insights into rice domestication history will be obtained. Although many
copy number of chloroplast DNA (cpDNA) is useful for the analysis of damaged ancient DNA, there is no sufficient genetic diversity data
of cpDNA applicable to ancient rice DNA analysis. Here, we conducted phylogenetic analysis of cpDNA using 216 modern samples of rice
cultivars and its wild relatives, and developed new DNA markers. Then, we analyzed DNAs of 950 – 2800 yrs old rice specimens from
Japan and Korea, and succeeded in identifying their subspecies. From the results, the utilization of both japonica and indica in Korea, and
japonica and non-japonica in Japan was demonstrated.
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Genetic basis of facial morphological diversity: A genetic association study based on high-density 3D facial images
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China

There exists high diversity in human facial morphology either within or between populations. It is postulated that Genetic factors explain a
large portion of such diversity in appearance, although little is known about the genetic basis of variations in people’s look. We developed
an analysis pipeline that aligns high-resolution 3D facial images into dense point-to-point correspondence. Based on this, we are able to
make full use of the 3D anthropometric data and carry out powerful quantitative analyses. Numerous genes were selected for their potential
importance in craniofacial development and genotyped in a Han Chinese sample. Genetic variations in several genes show significant
associations to the changes in facial morphology. High resolution comparisons further revealed strong specificity of the effects each genetic
polymorphism has on the facial appearance. A genome wide association study is in process to find the key genetic factors that explain major
variation components in human face.
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Using IBD Inference To Investigate The Evolutionary History Of
Two Human Mutations
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We have recently shown that increased Identity-By-Descent (IBD) sharing is a general property of natural selection. This fact makes it
possible to detect several types of selection including a type that is otherwise difficult to detect: selection acting on standing genetic
variation. However, all existing IBD inference methods have two important limitations: they can only infer IBD sharing between two
individuals and they have limited power to detect short regions of IBD sharing. These limitations restrict the extent to which IBD can be
used for making evolutionary inferences.
Motivated by this we have developed a new Markov Chain Monte Carlo (MCMC) IBD inference method, which is based on a probabilistic
model that simultaneously models IBD sharing among multiple individuals. And we have shown that the simultaneous modeling of
multiple individuals makes the method more powerful for detecting short IBD regions than several other methods.
We will illustrate and discuss the utility of this new method for making inferences about recent human evolution by applying it to SNP data
from two human mutations; a mutation in the LCT gene and a mutation in the CCR5 gene (Δ32).
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Signatures Of Selection From Standing Variation In The Human Genome
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The classical models of positive selection implicitly assume that selection acts on new advantageous mutations. However, adaptation may
often act on genetic variants that first increase in frequency in the population due to genetic drift, and are later targeted by natural selection
due to a change in the environment. We have developed a new haplotype based method for detecting selection, that has power to detect this
form of selection, even when the selection coefficient is low. We test the performance of our method in different scenarios and its
robustness to mutation and recombination rate variation.
Using this method, we examine the eleven populations from the International HapMap Project (HapMapIII). We have identified regions
previously reported as targets of positive selection in addition to some new regions. Interestingly, a number of these regions are immunerelated or are involved in the calcium signaling pathway. Here we discuss the results in detail and we debate about the impact and the
biological implications of selection in these regions.
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Factors promoting Surfing and Sectoring during Range Expansions
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During range expansions, which occurred in many species including humans, genetic drift is increased at the front of the expansion wave,
promoting allele frequency changes. This process of allelic surfing increases genetic structure and can drive rare alleles to fixation in newly
colonized areas. It also creates sectors of low diversity similar to what is expected after episodes of local adaptation. Here we performed
spatially explicit coalescent simulations to study factors promoting surfing during range expansions. We find that surfing and sectoring
should be more common than previously thought, especially when the initial population harbors high levels of standing variation. Sectoring
is further increased when expansions occur in a structured landscape. We also find that sampling intensity and SNP ascertainment modulate
our ability to evidence surfing. Whereas our results suggest that many loci should surf during range expansions, recent genomic scans have
revealed that only a few SNPs are fixed between human populations. Recent short and long-range migrations might have led to the erosion
of sectors and to a mixing of populations after range expansions implying that human populations could have been more differentiated in
the past.
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Evolutionary history of continental South East Asians: "early train" hypothesis based on complete mitochondrial DNA sequences
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The population histories of the indigenous Southeast Asians are generally accepted to have been shaped by two major migrations; the
ancient ‘Out of Africa’ migration circa 50,000 years before present (YBP) and the relatively recent ‘Out of Taiwan’ expansion of
Austronesian agriculturalists approximately 5,000 YBP. The Negritos are believed to have originated from the ancient migration whereas
the majority of Southeast Asians are associated with the Austronesian expansion. We conducted complete mitochondrial DNA sequence
analysis to test the plausibility and impact of those migration models in four indigenous Malaysian populations.
Mitochondrial haplogroups in the Jehai (Negrito) was dominated by haplogroups which are indigenous to West Malaysia and date back to
~40,000 YBP. The three Austronesian groups (Bidayuh, Selatar and Temuan) showed high frequencies of haplogroups which have mainland
Asian origins ~38,000 to 13,000 YBP while showing low frequencies of ‘Out of Taiwan’ markers. Principal Component Analysis also
suggests a dichotomy between Austronesians from ‘continental’ (Sumatra, West Malaysia, Java) and ‘island’ (Taiwan, Philippines)
Southeast Asia. These results suggest a possible ‘early train’ migration originating from Indochina or South China around late-Pleistocene
to early Holocene period which predates but may not necessarily exclude the proposed Austronesian expansion.
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