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The aim of the society is to promote evolutionary developmental biology by regularly organizing
meetings on this subject in Europe. The scientific program consists of plenary sessions,
symposia, contributed talks and poster sessions. The society welcomes scientists from all over
the world.
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Symposium S3: Phenotypic robustness, fluctuations and plasticity
S3.2 09:25 — 09:50 “Cost of complexity” contributed to the vertebrate bodyplan conservation?
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Naoki Iriel, Hu Haiyang2, Masahiro Uesakal, Shimai Kotaro3, Tsai-Ming Lu4, Fang Li5, Ishikawa
Masatol, Shipping Liu5, Yohei Sasagawa6, Guojie Zhang7, Shigeru Kuratani8, Jr-Kai Yu4,
Takehiro Kusakabe3, Philipp Khaitovich9, Song Guo9, Yui Uchidal

1: University of Tokyo, Tokyo, Japan. 2: China Pharmaceutical University, Nanjing, China. 3:
Konan University, Kobe, Japan. 4: Institute of Cellular and Organismic Biology, Taipei, Taiwan. 5:
BGI-Shenzhen, Shenzhen, China. 6: RIKEN, Saitama, Japan. 7: University of Copenhagen,
Copenhagen, Denmark. 8: RIKEN, Kobe, Japan. 9: CAS-MPG Partner Institute for Computational
Biology, Shanghai, China
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Why animal bodyplan is so conservative? Despite morphological diversification of chordates over
550 million years of evolution, their basic anatomical pattern (or ‘bodyplan’) remains conserved by
unknown mechanisms. The developmental hourglass model explains this by the conservation of
organogenesis phase (= phylotypic period), however, no consensus has been made to how this
organogenesis phase has been conserved. Possible contribution of pleiotropic constraints at
regulatory level: Here we collected early-to-late embryonic gene expression profiles from 8
chordate species, and analyzed to find a hint for the problem. We found that vertebrates’ conserved
mid-embryonic developmental programmes are intensively recruited to other developmental
processes, and the degree of the recruitment positively correlates with their evolutionary
conservation and essentiality for normal development. As expected, the genes expressed in many
stages tended to be essential for normal development. Based on the results, we propose that the
intensively recruited genetic system during vertebrates’ organogenesis period imposed constraints
on its diversification through pleiotropic constraints, which ultimately contributed to the common
anatomical pattern observed in vertebrates. However, actual mechanism of the pleiotropic
constraints at regulatory level require further studies. In the tail, we will also discuss poissible
double-edged sword (or “cost of complexity”) effect of gene co-optionhypothesis.

Reference: Hu et al. Nature Ecology & Evolution,1, 1722—-1730 (2017)
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Symposium S3: Phenotypic robustness, fluctuations and plasticity
S3.2 09:50 — 10:15 Theory for direction and constraint in phenotypic evolution
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Kunihiko Kaneko
Univ. Tokyo
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Directionality and constraint in phenotypic evolution are discussed in terms of phenotypic
fluctuation and response against environmental change, based on statistical physics and dynamical-
systems theory. First, recalling that fitted phenotypes that are generated as a result of developmental
dynamics should be robust to perturbations, we show a link between robustness to noise and to
mutation. This leads to proportionality between phenotypic plasticity by genetic change and by
environmental noise. Second, this proportionality is extended to that across a variety of phenotypic
traits: If one trait is more changeable by environmental perturbations, it is also more evolvable. This
relationship is derived from the hypothesis that the paths of phenotypic changes are highly
constrained as a result of developmental robustness. We present theoretical formulation, as well as
some support from bacterial experiments and evolution simulations.

References

1. Kaneko K., Life: An Introduction to Complex Systems Biology, Springer (2006)
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state", Phys.Rev.X(2015) 011014
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Symposium S14: Rewiring motor systems to evolve a vertebrate head
S14.1 14:00 —14:25 Embryology of the hagfish and origin of the vertebrate head
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Shigeru Kuratani
Laboratory for Evolutionary Morphology, RIKEN Center for Biosystems Dynamics Research,
Kobe 650-0047, Japan
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Living cyclostomes consist of hagfish and lamprey, and the monophyly of this group has been
established by recent molecular analyses. By observing staged hagfish embryos, we showed that
there are no segmental patterns in the head paraxial mesoderm, and that the adenohypophysis arises
ectodermally as a posterior part of the medial placode, the hypophyseal plate, as in other
vertebrates. These findings allowed us to identify a craniofacial developmental pattern common to
cyclostomes, but not to crown gnathostomes. From this cyclostome-specific stage, lamprey and
hagfish develop into distinct developmental trajectories, making it difficult to establish
morphological homologies in adult anatomy of these animals. We also show that the comparison
with gnathostomes, the out group of cyclostomes, implies that many of the hagfish peculiarities can
be recognized as hagfish-specific derived traits (autoapomorphies). Thus the lamprey is likely to
represent more ancestral state of cyclostomes, possibly reflecting the morphological and
developmental pattern of the latest common ancestor of entire vertebrates. Based on the above
developmental scheme, we first showed homologies of skeletal elements between lamprey and
hagfish chondrocrania, which implied that the ancestral neurocranium of vertebrates was
predominantly mesodermal. Furthermore, observation of chondrocranial development in the hagfish
has suggested that the enigmatic fossil animal, Palaeospondylus, could possibly represent an
ancient hagfish lineage.
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Symposium S18: Evo-Devo of appendages
S18.3 09:50 —10:15 Morphological novelty in the vertebrate limb created by the water-to-land
transition
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Ingrid Cordeiro, Kaori Kabashima, Haruki Ochi, Keijiro Munakata, Chika Nishimori, Mara Laslo,
James Hanken, Mikiko Tanaka
Tokyo Institute of Technology, Yokohama, Japan
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Amphibians form separated digits with no webbing by differential growth between digital and
interdigital regions. However, amniotes employ interdigital cell death to free digits from one
another, an additional developmental mechanism that allows a greater variation of autopod shapes.
Here we investigate factors could be involved with the appearance of interdigital cell death during
tetrapod evolution. In all observed tetrapods, the distribution of cell death is correlated with the
pattern of vasculature in limbs. Furthermore, transgenic analyses reveal that the increased vascular
density is sufficient for inducing cell death specifically in interdigital regions. Based on these
results, I will discuss the mechanisms of how transition from water-to-land may have promoted the
appearance of an evolutionary novelty, which later became essential to shaping the limbs of
amniotes.
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Symposium S19: Evolutionary dynamics to shape phenotype and direction in evolution
S19.1 9:00 —9:25 High-throughput laboratory evolution of E. coli: toward understanding of
phenotypic plasticity and constraint
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Chikara Furusawa
Laboratory for Multiscale Biosystem Dynamics, RIKEN Center for Biosystems Dynamics
Research, Osaka 565-0874, Japan
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Constraints on phenotypic changes in adaptation and evolution have recently been studied both
experimentally and theoretically. To unveil how the course of evolution is constrained in high-
dimensional phenotype and genotype spaces, we performed a high-throughput laboratory evolution
of E. coli under 96 stress environments by using an automated system we developed. The stress
environments include the addition of various antibiotics with different action mechanisms, acids,
heavy metals, surfactant, and so on. After 30 days cultivation, we obtain resistant strains to these
stresses. Then, changes in transcriptome profile and genomic sequence of the resistant strains were
analyzed by high-throughput sequencing. The results of these comprehensive analyses
demonstrated that the expression changes were constrained to a relatively low-dimensional
dynamics. Furthermore, we quantified collateral resistance and sensitivity, which are phenomena
that acquisition of resistance to one stress is accompanied by acquisition of concomitant resistance
or sensitivity to another stress. We observed collateral resistance or sensitivity in a large fraction of
environmental stress pairs, which also suggested that the possible evolutionary courses are
constrained. Based on these experimental results, and with the aid of theoretical and computational
analysis of evolutionary constraint, we will discuss the nature of phenotypic plasticity and
constraint in bacterial evolution, and possible strategies to predict and control the evolutionary
dynamics.
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Symposium S19: Evolutionary dynamics to shape phenotype and direction in evolution
S19.2 9:25 -9:50 Constrained variation of floral organ arrangement in basal eudicots: a
correlation with species diversity of the organ number
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Koichi Fujimoto
Osaka Univ.
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Stabilization and variation of organismal structure, such as organ numbers and arrangements, are
indispensable for reproduction and evolution. The arrangements of floral organs are largely
classified into two types, spiral and whorled (concentric) arrangements. Since the organ number
within a whorl is usually clade-specific, the whorled arrangement can be regarded as a more stable
structure than spiral ones. Yet, the mechanism regulating the floral structure is largely unknown. To
investigate the developmental mechanism, we have examined positional arrangement of excessively
produced perianth organs (sepals) in the family Ranunculaceae, which is placed at a basal branch of
eudicots. We found that the sepal arrangements that occurred in nature varied intraspecifically
between spiral and whorled arrangements. Among the studied species, variation was commonly
limited; three types despite five geometrically possible arrangements in six-sepaled flowers and two
types among six possibilities in seven-sepaled flowers. Moreover, The relative frequency of the
observed arrangements exhibited a species-specific bias which correlated with the species-
representative organ number (i.e., trimery, tetramery and/or pentamery) in floral morphopspace. The
spiral phyllotaxis model accounted for these limited variations in arrangement in cases when the
divergence angle between preexisting organ primordia was less than 144 degrees. the interspecific
difference were explained by the change of model parameters that represent meristematic growth
and differential organ growth. These findings suggest that the phyllotaxis parameters are
responsible for not only intraspecific stability but interspecific diversity of floral structure. The
spiral nature underlies a canalization of organ arrangements thereby specifying organ number as
development proceeds.
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Contributed Session C8: Evolution of developmental patterning within a plant organ
C8.4 16:55 —17:10 A mathematical model with dorsoventral asymmetry for inter-specific
diversity of floral ontogeny
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Miho Kitazawa, Aiko Nakagawa, Koichi Fujimoto
Osaka University, Toyonaka, Japan
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Flowers of angiosperms show various organ initiation orders, which affect final floral morphology.
For example, zygomorphy of flowers can appear in their early developmental stage, as early as the
initiation of the first floral organ. Since symmetry of flowers, especially the zygomorphy, is probably
associated the coevolution with the pollinators, the developmental mechanism that controls floral
symmetry is a fascinating target to understand the floral evolution. The symmetry of a flower is
controlled by genes expressing asymmetrically along the dorsoventral axis of the flower.
CYCLOIDEA (CYC) is one of such genes expressing in the dorsal part of zygomorphic Antirrhinum
flowers, whose loss causes the changes in the initiation pattern and the final number of floral organs.
Since CYC homologs are expressed similarly in zygomorphic flowers in many other angiosperm
clades, it has been considered that they are key factors for floral symmetry. To examine the effect of
dorsoventrally asymmetric expression of genes on the initiation order and number of floral organs,
we introduced dorsoventral asymmetry into a mathematical model, astemporally decaying
inhibitions on organ initiations in dorsal and/or ventral sides of a flower. The model reproduced
various initiation orders and arrangements of floral organs, including unidirectional, bidirectional,
and quasi-simultaneous initiation patterns, depending on the size of floral meristem, the strength of
dorsal and/or ventral inhibition, and the time length of decay of these inhibitions. Our results suggest
that the spatio-temporal expression patterns of inhibitory genes generate a variety of floral ontogenies.

10
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Contributed Session C14: Evolving a vertebrate head
C14.4 16:55-17:10 Hagfish and lamprey Hox genes provide insights into the evolutionary
origin of temporal collinearity
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Juan Pascual-Anayal, lori Satol, Fumiaki Sugahara2, Shinnosuke Higuchil, Jordi Paps3, Ren
Yandong4,5, Wataru Takagil, Adrian Ruiz-Villalba6, Kinya G. Ota7, Wen Wang4, Shigeru
Kuratanil

1Evolutionary Morphology Laboratory, RIKEN, Kobe, Japan

2Division of Biology, Hyogo College of Medicine, Nishinomiya, Japan

3School of Biological Sciences, University of Essex, Colchester, United Kingdom.

4State Key Laboratory of Genetic Resources and Evolution, Kunming Institute of Zoology, Chinese
Academy of Sciences, Kunming, China

SUniversity of Chinese Academy of Sciences, Beijing, China.

6Cell Therapy Program, Foundation of Applied Medical Research (FIMA), University of Navarra,
Pamplona, Spain

7Laboratory of Aquatic Zoology, Marine Research Station, Institute of Cellular and Organismic
Biology, Academia Sinica, Yilan, Taiwan
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Hox genes are generally expressed following two mesmerizing phenomena: Spatial collinearity, by
which Hox genes are expressed along the main anterior-posterior axis of animal embryos according
to their position in the clusters; and temporal collinearity (TC) resulting from the earlier expression
of a Hox gene the more 3’ its position in the cluster is. Some protostomes express their Hox genes
following subcluster-TC (STC), i.e., different sets of Hox genes of the same cluster display
independent TC. On the other hand, Hox genes of jawed vertebrates are expressed following
classical TC, so-called whole-cluster TC (WTC). This bimodal distribution of TC modes between
protostomes and jawed vertebrates result in the uncertainty of how Hox genes of the last common
ancestors of bilaterians, and even that of the were expressed (STC or WTC). Furthermore, whether
the last common ancestor of vertebrates expressed Hox genes according to WTC remains a mystery.
Here, I will present our most recent advances in the study of Hox genes of the hagfish and lamprey.
First, we have assembled a preliminary genome draft of the hagfish, Eptatretus burgeri, and
determined its Hox repertoire. Hox genes of the hagfish are, as expected, expressed following
spatial collinearity. We explore in detail their expression patterns in the hindbrain and discuss some
lineage-specific differences. Next, our comprehensive analysis of Hox gene expression during
development of the hagfish, lamprey, shark and a cephalochordate demonstrates that the last
common ancestor of vertebrates, and probably that of chordates, expressed its Hox genes according
to WTC.

11
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Contributed Session C15: Evolutionary dynamics to shape phenotype and direction in evolution
C15.4 16:55 —-17:10 Evolution-development congruence in pattern formation dynamics:
Bifurcations in gene expression and regulation of network structures
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Takahiro Kohsokabe
The University of Tokyo, Tokyo, Japan
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Search for possible relationships between phylogeny and ontogeny is one of the most important
issues in the field of evolutionary developmental biology. By representing developmental dynamics
of spatially located cells with gene expression dynamics with cell-to-cell interaction under external
morphogen gradient, evolved are gene regulation networks under mutation and selection with the
fitness to approach a prescribed spatial pattern of expressed genes. For most of thousands of
numerical evolution experiments, evolution of pattern over generations and development of pattern
by an evolved network exhibit remarkable congruence. Here, both the pattern dynamics consist of
several epochs to form successive stripe formations between quasi-stationary regimes. In evolution,
the regimes are generations needed to hit relevant mutations, while in development, they are due to
the emergence of slowly varying expression that controls the pattern change. Successive pattern
changes are thus generated, which are regulated by successive combinations of feedback or
feedforward regulations under the upstream feedforward network that reads the morphogen
gradient. By using a pattern generated by the upstream feedforward network as a boundary
condition, downstream networks form later stripe patterns. These epochal changes in development
and evolution are represented as same bifurcations in dynamical-systems theory, and this agreement
of bifurcations lead to the evolution-development congruences. Violation of the evolution-
development congruence, observed exceptionally, is shown to be originated in alteration of the
boundary due to mutation at the upstream feedforward network. Our results provide a new look on
developmental stages, punctuated equilibrium, developmental bottlenecks, and evolutionary
acquisition of novelty in morphogenesis.
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Poster Session 2 18.00 - 19.45 Evolution of spiralian development: insights from lineage
specific homeobox genes
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Yoshiaki Morino and Hiroshi Wada
Univ. of Tsukuba

HERENY (RIAENWCRIEEY . RIEEIW 28 2E 0 ERE, SR AINEEM LI D)
IE. FIEAINEI A B -RE B L 2D > TR FE o T LB ISR FE o T 38 AR B A RO E BRI 2 A A
H B A PREIFIE A LD AR 38 A R F— U AR T e NI TS, R, 7/
LHHRIZ oL it lmEh R L 972 TALE %Y )2 OF Paired % homeobox 815 - HES 2 8AFAE
LCWAZEE BT, 200 R R D203, BIKEMW 7 Aa T 4 T4 L OER
REWY 3P ATRBN T, FAEEM OB B EDHIINEI LN 2 A7 T Bi-
FERBRE IR > TAIL AR BLL CWOBZEN D -T2, BT, 7 AT A T AITEB W TR
R 7285 TR BRI R BUMRBEIL E 35 & AR T ORI IS 3D REIk O JE K /AfE /]
ZHlXZ 2 L5, SPILE (&1 1 HED DR AIREIRIR A I RS 7e 38 A T Ay O F0 Y L5
BRICHEEEL CWAZEDIAONT o T~ A EOZ 81T, B AR OE LS. Z2nETohE
OB THSIBAR T DN OEE Cldre, Fris G K1 DS IC X > THEI XD FTHE
P2 RTHRRETHD,

Spiralian development is a unique developmental process found in spiralian species, including
molluscs, annelids and platyhelminths. Important characteristics of spiralian development include
the typical geometry of early cleavage and early segregation of cell fate in blastomeres. However,
molecular background for fate segregation mechanism remains to be resolved. Here, we report
expansion of TALE-type and Paired-type homeobox genes in spiralian lineage, and its contribution
to fate segregation in early development. We found some of these homeobox genes are expressed in
staggered domains along the animal-vegetal axis in early cleavage stage of the limpet and the
polychaete. Inhibition or overexpression of these genes induced the elimination or expansion of the
specific region of the trochophore larvae, corresponding to expression site of each homeobox genes.
These results suggest that concerted expression of novel homeobox genes conduct establishing
specific property of blastomere along A-V axis in early development. We propose that expansion of
novel homeobox genes is essential for the evolution of fate segregation system in spiralian
development.
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Contributed Session C14: Evolving a vertebrate head
C14.3 16:40 — 16:55 Making of mammalian face by drastic shift of facial processes
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Hiroki Higashiyama, Hiroki Kurihara
The University of Tokyo, Tokyo, Japan
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The vertebrate facial processes are commonly known as the developmental modules. They involve
unique anatomical characters such as nerves and skeletons, and their composition make the specie
specific facial anatomy, although the experimental evidence is still insufficient. The upper jaw is
derived from the two primordia, frontonasal process (FNP) and maxillary process (MXP), and it is
generally thought that their boundary has been identified in the position of the premaxilla and
maxilla suture. However, the innervation pattern of upper jaw does not follow this suture in all
mammals, while the soft tissues also coincide it in other tetrapods. What happens in the mammalian
lineage? We conducted the comparative study of the craniofacial morphogenesis in mouse (Mus
musculus), chicken (Gallus gallus) and frog (Rana japonica). We are also trying to compare the
cleft lip/palate mouse and chicken (i.e. the primordial fusion is inhibited). As the result, we found
the premaxilla (the distalmost bone in upper jaw) is derived from FNP in chicken and frog, while
the lateral part of the “premaxilla” firstly appears in the MXP in mouse. This result is also
supported by the lineage tracing of MXP mesenchyme by using the DIx/-CreERT2 /
R26RLacZ/LacZ mice. In summarize, the FNP-MXP boundary should be shifted in mammalian
lineage, and the innervation pattern clearly reflects the composition of primordia. Considering the
previous studies, the lateral part of mammalian “premaxilla” may be homologous with the
“septomaxilla” in the ancestral amniotes and fossil synapsids.
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Poster P072 (27th June 18:00—19:45): Embryonic lethality is not sufficient to explain hourglass-
like conservation of vertebrate embryos
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Yui Uchidal, Masahiro Uesakal, Takayoshi Yamamotol, Hiroyuki Takedal,2, Naoki Iriel,2
1 Dept. of Biol. Sci., Grad. Sch. of Sci., Univ. of Tokyo, Tokyo 113-0033, Japan. 2 Univ. Biol. Inst.,
Tokyo 113-0033, Japan
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In embryonic evolution, mid embryonic period generally tends to be more conserved than earlier or
later periods, as recent transcriptomic studies revealed. While this general law (the developmental
hourglass model) has been reported in various phyla, the exact mechanism underlying this
conservation remains unclarified. A possible candidate mechanism is highly lethal tendency of the
mid-embryonic period (pharyngula period in vertebrates) which leads to negative selection (mid-
embryonic lethality hypothesis). However, almost no comprehensive and quantitative studies were
performed so far. We tested the mid-embryonic lethality hypothesis by measuring embryonic
mortality at various embryonic stages following transient perturbations and genetic mutations. In
the first test, we subjected zebrafish, X. /aevis, and chicken embryos to transient perturbation (heat
shock and inhibition of transcription and translation) during three developmental periods (early
[blastula and gastrula], pharyngula and late) and measured embryonic lethality. We found that the
early periods showed the highest mortality rate in all three species tested. In the second test, we
exposed zebrafish and X. laevis embryos to 254 nm UV at early stage, and tracked survival rate
until hatch period. The highest decrease in survival rate was observed at the early stages particularly
around gastrulation in both species. These results do not support the mid-embryonic lethality
hypothesis, suggesting that negative selection by embryonic lethality is not sufficient to explain the
mid-embryonic conservation in vertebrates. This illuminates the alternative mechanisms
contributing to the conservation such as positive selection on early and late periods, and
developmental constraints on mid-embryonic stages suggested recently.
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