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Dr. Jarkko Salojarvi
School of Biological Sciences, Nanyang Technological University, Singapore

Genomic insights to evolution

The genomes of more than 250 non-model plants have been sequenced, with much more
currently under way. The information makes it possible to study the evolution of plant genomes and
gene families in land plants in an unprecedented scale. Gene family sizes evolve either by whole
genome duplication (WGD) or small-scale duplication (SSD) events, and there appears to be a
functional bias between these two modes, with regulators and transcription factors being duplicated
in WGDs and genes associated with environmental responses in SSDs. We suggest that over time,
gene families evolve towards duplication by WGDs rather than SSDs. This bias is also visible in
population-level selection patterns, and is likely due to high homology of the SSD regions.
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Dr. Satoshi Iriyama

Faculty of Science and Technology, Tokyo University of Science
Mathematical Description of Photosynthesis and Foundation of Quantum
Computation
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Prof. James R. Cole
Center for Microbial Ecology, Michigan State University, USA
Microbial Taxonomy as Seen Through a (Meta)genomic Lens

DNA sequencing has already reorganized microbial taxonomy and provided insights into the
incredible diversity of life. The rapid improvements in genomic and metagenomic techniques and the
accumulation of sequence data have now brought us to the point where we are experiencing a new
taxonomic revolution using new tools and paradigms.

Prior to the pioneering work of Carl Woese, taxonomy was primarily based on phenotypic
traits. His work using rRNA gene sequence comparisons rationalized microbial taxonomy and set the
standard for the next 30 years. In addition to pure culture analysis, rRNA gene sequencing made
practical the analysis of millions of species present in environmental samples. As the cost of
sequencing has decreased, whole genome sequencing has become broadly accessible and the
limitations of rRNA-based analysis have becoming more apparent. Recently techniques to produce
single-cell amplified genome sequences and techniques to assemble individual genome “bins” from
whole-community metagenomic sequence data have matured to the point that genome sequences of
organisms in the environment can be readily obtained without the tedious process of pure-culture
isolation.

We will examine bioinformatic methods for comparing the relatedness of microorganisms
starting with methods widely used for comparison of organisms based on a single marker gene such
as rRNA. We will discuss the limitations in these methods given what is currently known about
microbial evolution. The availability of multiple genome sequences from closely-related
microorganisms has shown that, in addition to a core set of genes carried by virtually all
microorganisms, there is wide variety in the complement of ecologically relevant “character” and
accessory genes present. Analysis indicates that many of these have been transferred horizontally
during the course of evolution, and hence do not share the same evolutionary history as the universal
core genes in an organism. New genomic comparison methods can take into account both the core
universal genes and character genes. We will discuss how this impacts our idea of a tree-based
hierarchical taxonomy.

We will examine some of the available whole - genome comparison methods and their
implementation in MiGA, a new software environment allowing users to perform genomic
comparisons against a library of trusted genome sequences. We will end by examining how the rapid
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accumulation of genome sequences and especially the explosion in genomes assembled from
metagenomic sequence data is challenging the current formal methods for naming organisms and
what might be done to more rapidly include these new taxa without risking coherence of the current
taxonomic system that is critically relied upon in many branches of life science.
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Prof. Nobuyoshi Akimitsu
Isotope Science Center, The University of Tokyo
The gene regulation through RNA degradation in mammalian cells.
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Prof. Dierk. Wanke
Saarland Univ. & ZMBP-Plant Physiology; Tubingen Univ., Germany
Mining metadata for meaningful information: The combination of ‘OMICS’ data

from different sources provides novel insights into transcription factor function.

The analysis of quantitative data of subcellular processes at high spatio-temporal resolution
and in the native tissue environment was defined as the most challenging task for the next
generation’s biology research. During the last 20 years, methods have been designed to
simultaneously study all proteins, transcripts or metabolites inside of a biological probe at a given
point in time. Data from such large-scale quantitative biological experiments (OMICS-experiments)
are stored in publicly accessible repositories and provide an invaluable resource for bioinformatics
data-mining. A multitude of online or custom-made tools exist for genomics, transcriptomics,
interactomics or metabolomics data analyses. Even entire workflows exist online that provide
scientists almost instantaneously with an overwhelming amount of information regarding his gene or
process of interest. To date, more and more biology students are trained to program routines for the
analysis of ‘omics’ data by themselves - a trend away from ‘bioinformatics’ towards ‘information-
biologists’.

| will discuss data from my laboratory, where consecutive and combined ‘OMICS’-analyses
lend to novel insights into the function of DNA-binding proteins in the living cell. We used quantitative
DPI-ELISA (gDPI-ELISA) to infer binding motifs and genomics or epigenomics data to correlate
binding capacity with motif abundance. With transcriptomics data (microarray and NGS data) and
DNA-protein interactomics (ChlP-seq) we studied the processes our protein-of-interest is involved in.
In addition, we use quantitative spectro-microscopy to investigate protein complex formation in the
living cell by minimal invasive means and consolidate classical interactomics studies in the
laboratory. Molecular dynamics (MD) simulations and model structure prediction provide conclusive
insights into domain structure and function. All the data can be merged to a certain extent to draw
conclusions on the function of DNA-binding proteins.
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Prof. Teva Vernoux
Reproduction and Development of Plants (RDP) Institute, ENS de Lyon, France

The principles of self-organization at the plant shoot apex

Development through the reiterative addition of structures plays a central role in establishing
the architecture of eukaryotic organisms. In plant, the shoot develops post-embryonically through
rhythmic generation of aerial organs, the leaves and flowers, at the apex of the growing primary axis.
The spatio-temporal patterning system underlying rhythmic organogenesis at the shoot apex, also
known as phyllotaxis, is one of the most conspicuous examples of a self-organizing developmental
system. Phyllotaxis has been extensively analysed theoretically and the most widely accepted model
for phyllotaxis proposes that the time delay between organ initiations and the spatial position of the
site of a new initiation at the growing shoot apex emerges from inhibitory interactions between pre-
existing organ primordia. From its initiation, each primordium is thought to generate a ring-shaped
inhibitory field centred on the organ and that prevents other organs to be formed in its vicinity. Tissue
growth would then lead to self-organizing organ patterning by moving these fixed signalling centres
away from the stem cells. Positional information by the plant hormone auxin has been proposed as
the central regulator of phyllotaxis. Auxin is the trigger for organogenesis and is thought to be
synthesized throughout the shoot apex. The activity of a network of auxin pumps has been shown
not only to generate accumulation of auxin at the sites of organ initiation but also to create depletion
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of auxin at their periphery, thus generating inhibitory fields. However, our understanding of the
molecular basis of phyllotaxis relies on a combination of inference from both qualitative
measurements and modelling. We have tested this mixed theoretical/experimental view using a
quantitative imaging approach to reconstruct 4D maps of auxin, analyse the mechanisms generating
this 4D dynamics and understanding how this information is processed at the shoot apex. We will
show the existence of high definition spatio-temporal auxin distribution in the meristem. We will also
show that auxin is produced specifically in older developing organ that organizes a precise spatio-
temporal distribution of auxin fluxes by providing a tissue-level memory of the geometry of the
system. We will also discuss how integration of information provided by the auxin signal during organ
initiation acts as a cellular memory used for providing robustness to the rhythmicity of organogenesis.
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Structural Biology of archaeal DNA replication proteins

DNA replication is an essential event for all living organisms and its basic mechanism is
conserved from bacteria, archaea and eukaryotes. In spite of unicellular morphology similar to
bacteria, archaea constitute the third domain of life separately from bacteria. Archaea are unique in
that they are usually found in extreme environments such as hot spring and deep sea. Archaea are
also unique because they possess DNA replication and repair proteins which are well similar to those
from eukaryotes. Proteins from hyperthermophilic archaea have a great advantage on structural
study because of their stability. In addition, eukaryotic hetero-oligomeric protein complexes are often
replaced to more simplified versions, such as homo-oligomers, in archaea, while their structure and
function are quite similar to each other. Therefore, archaea are considered to be a good model to
understand the complex systems of eukaryotic DNA replication and repair. On the other hand,
archaea sometimes exhibit unique DNA replication proteins which are different from eukaryotic
counterparts. Taken together, archaea are interesting organisms in terms of both molecular and
biological evolution. | would like to talk about such proteins working on DNA transaction from
archaea, including our latest studies based on structural biology and bioinformatics.
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Dr. Toyoyuki OSE
Faculty of Advanced Life Science, Hokkaido University
Viral and host factor relationships which determine host tropism; viral protein

counteraction of host immune system

Human history has been frequently influenced by virus outbreak. After Jenner began
experiments on virology in 1798, researches have tried to unveil actual molecular mechanism of
viruses, which mainly consist of several proteins and nucleic acid genome. Viral life cycle;
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attachment, penetration, uncoating, targeting, gene expression, genome expression, and virion
assembly/maturation followed by budding to release new infections virus is fully tuned to its specific
host. Adjustment to their hosts are from the selection pressure utilizing tremendous mutations of the
genome. We have been studying two key factors which govern viral host tropism; recognition of
target cell through cell surface receptors and the inactivation of host immune system. Here we take
several examples to explain viral-host factor interactions from the crystal structures.

The principal host-cell response to viral infection is the activation of the interferon (IFN) -
mediated innate immune response. The binding of IFN to its receptor, either the type | or type II,
results in the expression of antiviral genes. In the type | system consisting of a/f IFN, the signal of
the receptor binding activates Janus kinase1 (JAK1) and tyrosine kinase2 (TYK2). These kinases
phosphorylate STAT1 and STAT2 which interact with each other through their Src - homology2
(SH2) domains. The STAT1 / STAT2 heterodimer interacts with IRF-9. The IRF9/STAT1/STAT2
complex, called interferon-stimulated gene factor3, migrates into the nucleus and binds to the IFN-
stimulated response element (ISRE) in target promoter regions. On the other hand, the binding of
type Il IFN (IFN- gamma) to the receptors IFNGRs leads to the activation of the Janus kinases Jak1
and Jak2 followed by the phosphorylation of STAT1. STAT1 can form homodimer, migrates into the
nucleus, and binds to a DNA element, the gamma-activated sequence (GAS) to induce the
expression of IFN gamma targeted genes.

Both of the type | IFN and the type Il path ways were reported to be a target by many
negative stranded RNA viruses. | introduce some examples of the molecular basis of viral
couteraction from Paramyxoviridae and Rhabdoviridae.
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Dr. Roman V. Belavkin
Faculty of Science and Technology, Middlesex University, UK

Adaptation via Optimal Control of Mutation in Artificial and Natural Systems

Evolutionary Algorithms (EAs) are optimization techniques that take their inspiration in the
theory of evolution and employ operators of selection, mutation and recombination to evolve
solutions maximizing some fitness function similar to the way biological organisms evolve and adapt
to their environments. Although EAs are crude approximations of real biological systems, the
analysis of their operation and performance can bring new insights into our understanding of life and
its evolution. For example, it has been shown recently, both theoretically and using simulations, that
the rate of adaptation can be increased significantly, if the mutation rate is dynamically controlled.
Specifically, it is beneficial for the adaptation of the whole population if the probability of mutation
depends for each individual in the population on its fitness value --- low fitness should correspond to
high mutation rate and vice versa. This observation has inspired an investigation into the variation of
mutation rate in bacteria as well as other organisms. | will discuss recent results demonstrating that
mutation rate in some bacteria and eukaryotes depends on population density (an indicator of
fitness) in a way that theory predicts. Moreover, this density-associated mutation plasticity (DAMP)
requires the same mutation avoidance mechanism in both prokaryotes and eukaryotes tested, which
means that this mutation rate control mechanism could have evolved in the very early stages of life.
This conjecture is supported by the analysis of more than 70 years of published data from 68
independent studies on 26 species, which show that DAMP exists in all domains of life and viruses. |
will also discuss future work regarding optimal control of recombination, the mathematical analysis of
which also suggests a potential for dynamic optimal control.

This work is in collaboration with Christopher Knight, Rok Krasovec, Huw Richards, Danna R.
Gifford from the University of Manchester and Alastair Channon, Elizabeth Aston from the University
of Keele, United Kingdom.

Some of the results are reported in:
Belavkin, R. V., Channon, A., Aston, E., Aston, J., Krasovec, R., Knight, C. G. (2016). Monotonicity of
Fitness Landscapes and Mutation Rate Control. Journal of Mathematical Biology, Springer.
http://dx.doi.org/10.1007/s00285-016-0995-3
Krasovec, R., Belavkin, R., Aston, J., Channon, A., Aston, E., Rash, B., Kadirvel, M., Forbes, S.,
Knight, C. (2014). Mutation-rate-plasticity in rifampicin resistance depends on Escherichia coli cell-
cell interactions. Nature Communications, Vol. 5, No. 3742.
http://dx.doi.org/10.1038/ncomms4742
Krasovec, R., Richards, H., Gifford, D. R., Hatcher, C., Faulkner, K. J., Belavkin, R. V., Channon, A.,
Aston, E., McBain, A. J., Knight, C. G. (2017). Spontaneous mutation rate is a plastic trait associated
with population density across domains of life, PLOS Biology.
http://doi.org/10.1371/journal.pbio.2002731
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