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国際シンポジウム  
“Molecular Bases for Evolution of Complex traits”  

開催報告 
 
	 ２０１１年２月２３日、２４日の２日間、RIKEN CDBと新学術領域研究「複
合適応形質進化の遺伝子基盤解明」の協賛で、新学術国際シンポジウム（The 20th 
CDB Meeting）"Molecular Bases for Evolution of Complex Traits" （オーガナ
イザー：藤原晴彦、深津武馬、倉谷滋）が、RIKEN CDB Ｃ棟１階オーディトリ
ウムにて開催されました。参加者の皆様、ご協力頂いた方々には、ここであらた

めて感謝致します。 
 
	 今回のシンポジウムでは海外からの３名の外国人招聘講演者を含めた１７名に

よる口頭発表（５つのセッションからなる）に加え、５０近くに上るポスター発

表があり、形態進化、種分化、文様の集団発生遺伝、食性と行動の進化、異種生

物間における共生現象など、きわめて広範な領域に渡る複雑な進化現象を扱った

研究が紹介され、きわめて活発なディスカッションがなされました。対象となる

生物種も、脊椎動物や昆虫から、細菌、植物まで多彩で、研究内容も高度なもの

が多く、進化のメカニズムにここまで言及できるようになったかと驚く内容のも

のも多く、息をつかせないプログラムとなりました。 
 
	 とりわけ今回のシンポジウムでは、若い研究者の積極的な参加姿勢が明瞭で、

彼らの熱気が強く感じられた点できわめて有意義であったと、オーガナイザーの

立場としては大変嬉しく感じました。それが、シンポジウムのそもそもの「やり

がい」というものであります。この領域の生物学の将来を支える世代が育ちつつ

あること、科学の議論を英語で行うことにまったく躊躇を感じない、国際感覚を

備えた頼もしい研究者が若い世代に多いことを知りました。 
 
	 本新学術領域では、数年のうちに再び同様なシンポジウムを企画しようと計画

しています。次回は進化の謎にさらに深く切り込んでゆくことになるでしょう。

ゲノム、遺伝子のレベルでの変化と表現型の変化が、今回以上にヴィヴィッドに

語られることになるだろうと確信しています。ご期待下さい。今回に勝る盛んな

交流を通じ、若い世代が未来を切り開いてゆくための礎として欲しいと、切に願

うものであります。 
 

平成２３年２月２５日 
新学術領域研究「複合適応形質進化の遺伝子基盤解明」 

国際シンポジウム担当	 倉谷	 滋 
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PROGRAM 
MONDAY, FEBRUARY 23 (DAY 1) 

 
12:00 - 13:00 Registration 
 
13:00 - 13:10 Opening Remarks by Shigeru Kuratani 
 
Session 1 
Chair: Mitsuyasu Hasebe  
 
13:10 - 13:40  
S1-1 “On the Scent of Speciation: Fruit Odor Discrimination and Sympatric Host 
Race Formation in the Apple Maggot Fly, Rhagoletis pomonella” 
Jeffrey L. Feder (University of Notre Dame, USA) 
 
13:40 - 14:10  
S1-2 “The Genetic Mechanisms of Host Race Formation and Maintenance”  
Issei Ohshima (NIBB, Japan) 
 
14:10 - 14:40  
S1-3 “Evolutionary Change in the Early Phase of Hybrid Speciation”  
Arne W. Nolte (Max-Planck-Institute for Evolutionary Biology, Germany) 
 
14:40 - 14:55 Coffee Break 
 
Session 2 
Chair: Mitsuyasu Hasebe 
 
14:55 - 15:25  
S2-1 “Genetic Studies on Adaptation of Bombycid Silkmoths to the Mulberry”  
Toru Shimada (The University of Tokyo, Japan)  
 
15:25 - 15:55  
S2-2 “Ball-and-socket Joints in the Insect Leg: Development and Evolution”  
Reiko Tajiri (RIKEN CDB, Japan) 
 
15:55 - 16:10 Coffee Break 
 
Session 3  
Chair: Haruhiko Fujiwara  
 
16:10 - 16:40  
S3-1 “Evolution on the Butterfly Wing: from Molecules to Diversity”  
Paul M. Brakefield (University Museum of Zoology, UK) 
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16:40 - 17:10  
S3-2 “Molecular Mechanisms of Pigmentation Pattern Formation in Lepidopteran 
Larva”  
Haruhiko Fujiwara (The University of Tokyo, Japan) 
 
17:10 - 17:40  
S3-3 “How did the Centralized Brain Evolve?: A New Insight from the nou-darake 
Gene”  
Kiyokazu Agata (Kyoto University, Japan) 
 
 
17:40 - 18:40 Poster Session 1 
Presenters of Odd-numbered posters should be by their panels for discussion from 17:40 - 
18:40 
 
18:40 - 20:30 Reception at CDB Salon 
 
 

THURSDAY, FEBRUARY 24 (DAY 2) 
 
Session 4 
Chair: Shigeru Kuratani  
 
09:00 - 09:30  
S4-1 “Developmental Repatterning as the Basis for Turtle Shell Acquisition”  
Shigeru Kuratani (RIKEN CDB, Japan) 
 
09:30 - 10:00  
S4-2 “Embryological Evidence for Conservation of Forelimb Digit Identity from 
Dinosaur to Bird”  
Koji Tamura (Tohoku University, Japan) 
 
10:00 - 10:30  
S4-3 “Development and Evolution of Vertebrate Limbs”  
Mikiko Tanaka (Tokyo Institute of Technology, Japan) 
 
10:30 - 10:45 Coffee Break 
 
Session 5 
Chair: Shigeru Kuratani  
 
10:45 - 11:15  
S5-1 “Transition from Aquatic to Terrestrial Life and Evolution of the Vertebrate 
Lung”  
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Masataka Okabe (The Jikei University, Japan) 
 
11:15 - 11:45  
S5-2 “Emergence of Mammals by Emergency: Exaptation”  
Norihiro Okada (Tokyo Institute of Technology, Japan) 
 
11:45 - 12:15  
S5-3 “Next Generation Sequencing Technologies for Identification of Molecular Basis 
of Complex Adaptive Traits”  
Tomoaki Nishiyama (Kanazawa University, Japan) 
 
12:15 - 13:30 Lunch 
 
13:30 - 15:00 Poster Session 2 
Presenters of Even-numbered posters should be by their panels for discussion from 13:30 - 
14:30. 
 
Session 6 
Chair: Takema Fukatsu  
 
15:00 - 15:30  
S6-1 “HAR1, KLAVIER and TML Mediate Long-distance Control of Nodulation”  
Masayoshi Kawaguchi (NIBB, Japan) 
 
15:30 - 16:00  
S6-2 “Molecular Basis of Self-sacrificing Gall Repair by Soldier Aphids”  
Mayako Kutsukake (AIST, Japan) 
 
16:00 - 16:30  
S6-3 “Symbiosis as the Source of Evolutionary Novelties”  
Takema Fukatsu (AIST, Japan) 
 
16:30 - 16:45 Closing remarks by Haruhiko Fujiwara 
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S1-1 
On the Scent of Speciation:  Fruit Odor Discrimination and Sympatric Host Race 
Formation in the Apple Maggot Fly, Rhagoletis pomonella 
 
Jeffrey L. Feder1), Thomas Powell 1), Dong Cha 2), Charles Linn Jr. 2)  

 
1) Department of Biological Sciences, Galvin Life Science Center, University of Notre 
Dame, Notre Dame, Indiana, 46530, USA 2) Department of Entomology, New York State 
Agricultural Experiment Station, Cornell University, Geneva, New York 14456, USA. 

 
The Rhagoletis pomonella sibling species complex is a model for sympatric speciation 
without geographic isolation via host plant shifts. Host plant specific mating is a critical 
feature for Rhagoletis speciation. Rhagoletis flies mate only on or near the fruit of their 
host plants. As a result, differences in host preference translate directly into mate choice 
and premating reproductive isolation. Studies have shown that Rhagoletis use fruit odor to 
distinguish among their respective host plants. In flight-tunnel assays and field tests, apple, 
hawthorn, and flowering dogwood flies all preferentially oriented to chemical blends of 
their natal fruit volatiles. The flies also were antagonized by the blends of non-natal fruit, 
suggesting that both preference and avoidance behaviors evolve quickly following host 
shifts.  F1 apple x hawthorn fly hybrids did not respond to the volatiles of either parental 
race. The lack of hybrid behavioral response suggests the possibility that the evolution of 
avoidance behavior may represent a previously unrecognized post-zygotic barrier to gene 
flow during sympatric speciation. A remaining question is whether changes in the odor 
receptors in the antenna or in the way that input signals are integrated and interpreted in 
the brain underlies the evolution of chemosensory discrimination for Rhagoletis flies.  
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S1-2  
The Genetic Mechanisms of Host Race Formation and Maintenance  
 
Issei Ohshima 
Division of Evolutionary Biology, National Institute for Basic Biology, Japan 
 
Adaptation to a novel environment often requires evolution in multiple traits, thus 
hybridization between ecologically diverged taxa could produce maladaptive phenotype 
combinations, resulting in isolation barriers.  In phytophagous insects a precise 
combination of performance and preference for particular host plants is crucial, and 
divergence in host associations is considered as a first step of speciation.  However, very 
little is known about the genetic bases of performance and preference traits, which are 
crucial to infer the process of host shifting and to estimate the strength of hybrid 
breakdown.  Here we show that opposite directions of dominance in performance and 
preference traits play a key role in host race maintenance in the leaf-mining moth 
Acrocercops transecta.  In this species performance on Juglans is dominant over that on 
Lyonia, but preference for Lyonia is dominant over that for Juglans.  This indicates the 
genetic components that introgressed from the Lyonia race being removed from the 
Juglans race, while gene flow will occur from the Lyonia race to the Juglans race.  Thus, 
the different mode of inheritance between performance and preference itself function as an 
isolating barrier between populations with different host associations.  A QTL analysis 
revealed that only a restricted region of a single autosome was responsible for the larval 
performance. This indicates that host shifting from Juglans to Lyonia in A. transecta 
involved changes in a few genes with large effect, suggesting that a few genetic changes of 
larval performance promoted the successful host shifting. 
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S1-3  
Evolutionary Change in the Early Phase of Hybrid Speciation 
 
Arne W. Nolte 
Max Planck Institute for Evolutionary Biology, Department for Evolutionary Genetics, 
August – Thienemann – Str. 2, 24306 Plön, GERMANY 
 
Natural hybridization has been viewed as destructive factor that could erode established 
gene pools but also as a potentially creative force in evolution. Accordingly, cases of 
hybridization receive attention as natural experiments in which the fitness of novel 
genotypic combinations is tested by natural selection. An allelic diversity that is 
unmatched in equilibrium populations is introduced into admixed individuals from 
genetically well distinguished parental species. This variance can be traced and exploited 
for evolutionary analysis. I focus on a case, where anthropogenic changes within the past 
200 years have allowed the hybridization between two distinct fish species (Cottus 
rhenanus and Cottus perifretum) in the Netherlands. Hybrid invasive lineages have 
evolved as a response to environmental change caused by humans and they now use 
habitats that are not occupied by the parental species. We are thus dealing with very recent, 
but profound evolutionary change, that is associated with man made ecological 
perturbations. The overall pattern suggests that a fitness advantage that permits colonizing 
novel habitats has emerged through the process of hybridization. On the other hand the 
evolutionary dynamics leading to the emergence of newly adapted gene pools and the 
evolutionary trajectories of complex traits after initial contact is largely unexplored. We 
combine population genetic modeling approaches with QTL mapping and gene expression 
analysis to study the effect of the hybrid genetic architecture on the fitness of invasive 
Cottus.
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S2-1 
Genetic Studies on Adaptation of Bombycid Silkmoths to the Mulberry  
 
Toru Shimada1), Takaaki Daimon1), Tsuguru Fujii1), Maki, Kubo1), Yan Meng1)2), and 
Susumu Katsuma1) 
1) Laboratory of Insect Genetics and Bioscience, Graduate School of Agricultural and Life 
Sciences, University of Tokyo, Tokyo, Japan. 2) Division of Sericulture, School of Life 
Sciences, Anhui Agricultural University, Hefei, China. 
 
The mulberry contains 1-deoxynojirimycin and other sugar-mimic alkaloids in the latex. 
The alkaloids inhibit glucosidases in the digestive systems of insects, accordingly act as a 
defense substances for herbivores. The silkworm, Bombyx mori, is one of the mulberry 
specialists. We have been studying why the silkworm is tolerant to the mulberry alkaloids. 
We found that two β-fructofuranosidase (FFase) genes on the silkworm genome though 
the metazoans generally utilize alpha glucosidases as sucrases and do not have FFases. We 
compared the FFase genes among lepidopterans and other organisms, and then concluded 
that the FFase genes have been acquired through a horizontal gene transfer from 
eubacteria to ancient lepidopterans and the mulberry specialists including Bombyx and 
Glyphodes have evolved to achieve high level expression of FFases in their midguts. 
 
We have been utilizing the "polyphagous" mutants of B. mori, which feed the beet and 
other plant leaves, to understand the mechanism of food selection. We succeeded in the 
positional cloning of two mutants, spli and Bt mapped on the Z chromosome, and found 
that both are alellic mutations of Bmacj6, a gene encoding a transcription factor with the 
POU domain. I also report the results of our genetic analyses of other mutants with 
abnormal food preference. 
 
Probably the host plants of the ancestral Bombycidae were non-mulberry moraceous 
plants like Ficus and Artocarpus. Our goal is to understand the genetic mechanism how 
the species of the Bombyx lineage changed the host to mulberry (Morus) and how they 
adapted to the new host.
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S2-2  
Ball-and-socket Joints in the Insect Leg: Development and Evolution 
 
Reiko Tajiri1), Kazuyo Misaki2), Shigenobu Yonemura2), Shigeo Hayashi1) 
1) Laboratory for Morphogenetic Signaling, 2) Electron Microscopy Laboratory, RIKEN 
Center for Developmental Biology, Japan 
 
Both in the internal skeleton of vertebrates and in the exoskeleton of arthropods, joints 
connect neighboring skeletal elements and allow movement. Joints in which the articular 
surfaces of reciprocal shapes fit each other and form an interlocking structure underlie 
efficient and controlled motion. Mechanisms for precisely regulating skeletal morphology 
in joints during development was unclear.  
 
We have investigated the cellular mechanisms controlling the morphogenesis of the joints 
in the fly tarsus (distal leg). Each tarsal joint comprises two reciprocally shaped cuticles 
(exoskeletal element secreted by the epidermis): a ball and a socket. During development, 
the ball-shaped cuticle forms first and subsequently acts as the “mold” for sculpting the 
socket. We have shown that the conjunction of cell fate specification and cell shape 
changes in the epidermis drives the joint morphogenesis: distinct cell populations are 
assigned to secrete the ball and the socket, and the cells extensively move their apical 
surfaces while secreting cuticles.  
 
Abnormal joint structures caused by conditional loss-of-function of Notch indicated its 
involvement in the morphogenetic processes. Interestingly, we find similar structures in 
the tarsal joints of primitive insects such as bristletails and mayflies. I would like to 
discuss how cell fate specification and shape changes are regulated downstream of Notch, 
and how these processes have been acquired during evolution. 
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S3-1  
Evolution on the Butterfly Wing: from Molecules to Diversity 
 
Paul M. Brakefield  
University Museum of Zoology Cambridge, Downing Street, Cambridge CB2 3EJ, UK, 
and Institute of Biology, Leiden University, P.O. Box 9516, 2300 RA Leiden, The 
Netherlands 
 
To what extent do the mechanisms that generate phenotypic variation influence the tempo 
and direction of evolution, and thus become reflected in patterns of occupancy of 
traitspace and in species’ radiations? We are working with several key sets of traits on the 
wings of Bicyclus butterflies to explore this issue. Serial sets of wing eyespots share both 
genetic and developmental mechanisms so how do they gain individuality during 
evolution? We compare the evolvability of different eyespot traits in morphospace, both 
experimentally within the model species, B. anynana, and using a more comparative 
approach within the whole lineage. We also study developmental phenotypic plasticity in 
the ventral wing eyespots that is crucial for species living in habitats with both wet and dry 
seasons. Finally, we have begun to explore patterns of diversity in the wing androconia 
and male sex pheromones that are involved in mate choice and the evolution of 
reproductive isolation. Among challenges for the future will be to disentangle the 
consequences of different histories of natural selection on these key traits from differences 
in their architectures that are more fundamentally the result of the way in which the 
phenotype is generated.  
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S3-2  
Molecular Mechanisms of Pigmentation Pattern Formation in Lepidopteran Larva 
 
Haruhiko Fujiwara 1), Junichi Yamaguchi 1), Hiroko Shirataki 1), Ryo Futahashi 1) 2), 
Takayuki Mizoguchi 1)   
1) Department of Integrated Biosciences, Graduate School of Frontier Sciences, University 
of Tokyo, Japan 2) Research Institute of Genome-based Biofactory, National Institute of 
Advanced Industrial Science and Technology, Japan. 
 

Many animals have various pigmentation and color patterns on their surfaces. Especially, 
the larval body pattern in Lepidoptera exhibits splendid diversity and is an outstanding 
model system to understand pigmentation and color pattern evolution. Caterpillar of 
swallowtail butterflies, most of which change the color patterns from younger to older 
stages, often differ completely among closely related species. We have so far studied 
genes involved in their color pattern formation and hormonal and developmental 
regulations of the genes in detail. Furthermore, we have revealed species-specific 
expression of the genes involved in color patterns of three Papilio species. I would like to 
summarize the essence of the above story in the symposium. To clarify the top of gene 
networks of marking patterns, the silkworm is an interesting model because we have many 
spontaneous mutants showing various markings. One of the marking mutants, L, shows 
twin spots markings on dorsal side of multiple sequential segments, which is often 
observed in other lepidopteran species. We recently revealed cis-regulatory change in wnt1 
is responsible for spot marking formation in L. I would like to discuss mechanisms and 
evolution of twin spot markings in Lepidoptera and also introduce other interesting 
marking mutants of the silkworm. 
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S3-3  
How Did the Centralized Brain Evolve?: A new insight from the nou-darake gene 
 
Kiyokazu Agata and Osamu Nishimura 
Department of Biophysics, & Global COE for Biodiversity Research,  
Kyoto University, JAPAN 
 
Recently whole genome sequences of many animals have become available. Thus, it is 
becoming possible to speculate about the evolutionary processes underlying the invention 
of evolutionary novelties as changes of the genome sequences based on the finding of 
comparative genomics. 
 
It is of great interest to unravel the evolutionary process of the brain. How did the 
centralized brain evolve? How did the simple brain evolve to become the complex brain?  
To answer these questions, we have extensively analyzed both the structure of the 
planarian brain and the genetic program for brain regeneration from pluripotent stem cells 
in planarians. We found that the planarian had already evolved a fundamental 
structure/function and the developmental genetic program for the brain which have been 
evolutionary conserved. Based on these studies, we proposed the “stem cell- 
subfunctionalization” hypothesis to explain the evolution of the complex brain from the 
simple brain (Agata et al., 1998, 2006). 
 
Here we’ll introduce a new insight to explain the evolutionary process of the centralization 
of the nervous system. Recently, genomes of cnidarians and platyhelminths have been 
determined.  Cnidarians have diffuse nervous systems, whereas planarians have evolved 
a well-organized brain. Therefore, comparative genomics between these two phyla may 
reveal genomic differences that gave rise to centralization of the nervous system.  Here, 
we will introduce one of such candidate gene, nou-darake, which was first identified as a 
gene involved in restricting brain formation to the head region during planarian 
regeneration (Cebria et al., 2002; Agata et al., 2008). We now speculate that it might have 
enabled brain formation during nervous system evolution.  
 
K. Agata, Y. Soejima, K. Kato, C. Kobayashi, Y. Umesono and K. Watanabe 
Zool. Sci., 15, 433-440 (1998) 
K. Agata, E. Nakajima, N. Funayama, N. Shibata Y. Saito and Y. Umesono 
Semin Cell & Dev. Biol., 17, 503-509 (2006) 
F. Cebrià, C. Kobayashi, M. Nakazawa, K. Mineta, K. Ikeo, T. Gojobori, M Ito, M. Taira, 
A. Sánchez Alvarado, and K. Agata 
Nature, 419, 620-624 (2002) 
K. Agata and Y. Umesono 
Philos. Trans. R. Soc. Lond. B Biol. Sci., 363, 2071-2078 (2008) 
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S4-1  
Developmental Repatterning as the Basis for Turtle Shell Acquisition  
 
Shigeru Kuratani 
Laboratory for Evolutionary Morphology, RIKEN Center for Developmental Biology, 
Japan 
 
The turtle body plan represents an example of evolutionary novelty, since it exhibits an 
unusual topography of musculoskeletal elements formation based on the developmental 
repatterning of the axial skeleton. The key to understanding the turtle shell lies in the 
modification of the ribs and body wall, for which the carapacial ridge (CR), a 
turtle-specific embryonic anlage, is responsible. The growth of the ribs is arrested in the 
axial part of the body limited laterally by the the CR, allowing dorsal and lateral oriented 
growth of the axial ribs, folding the lateral body wall medially, to encapsulate the scapula. 
Although the CR itself does not induce this axial arrest, it supports the fan-shaped 
patterning of the ribs concomitant with marginal growth of the carapace. During the 
process of the folding, some trunk muscles maintain their ancestral connectivities, whereas 
the limb muscles establish new attachments specific to the turtle. The turtle body plan can 
thus be explained with our knowledge of vertebrate anatomy and developmental biology, 
and is also consistent with the evolutionary origin of the turtle suggested by the recently 
discovered fossil species, Odontochelys. 
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S4-2  
Embryological Evidence for Conservation of Forelimb Digit Identity from Dinosaur 
to Bird 
 
Koji Tamura, Naoki Nomura, Ryohei Seki, Sayuri Yonei-Tamura, and Hitoshi  
Yokoyama 
 
Department of Developmental Biology and Neurosciences, Graduate School of Life 
Sciences, Tohoku University, Aobayama, Aoba-ku, Sendai 980-8578, Japan. 
 
The identities of avian hand digits remain controversial; paleontological findings point to 
the digits 1, 2, and 3, while embryological evidence suggests the digits 2, 3, and 4. By 
embryological transplantation and cell-labeling experiments, we found that the 
posteriormost digit in the chick wing does not correspond to digit 4 in the hindlimb, and 
that its progenitor is early separated from the zone of polarizing activity (ZPA), placing it 
in the domain of digit 3 specification.  
 
We re-examined the chick ZPA implantation experiments with focus on graft-tissue 
contribution to the additional digits. Quail-chick chimera analysis of hetero/homo-topic 
ZPA implantation and spotted injection of fluorescent dyes in the posterior margin of the 
limb bud indicated that the forelimb ZPA does not contribute to the digit formation but 
that posteriormost digit 4 in the hindlimb is mostly derived from the ZPA region. Fate 
mapping of earlier stage limb bud revealed that digit 3 progenitor in the forelimb rapidly 
separates from the ZPA, and this shift gives the digit D3 identity to this progenitor during 
the autopod-specification stage. 
 
We suggest that the secondary shift between the array of digit anlagen and molecular 
mechanisms results in the specification of digits 1, 2, and 3 identities on the second, third, 
and fourth anlagen. Thus, the developmental repatterning can be detected in avian 
ontogeny, corresponding to the frame-shift first detected as evolutionary shift. 
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S4-3  
Development and Evolution of Vertebrate Limbs 
 
Mikiko Tanaka 
Graduate School of Bioscience and Biotechnology, Tokyo Institute of Technology, Japan 
  
Recent approaches to the study of developmental genetic mechanisms involved in 
initiation and patterning of paired appendages among different taxa have provided clues to 
understanding the evolutionary origin of vertebrate limbs. Numerous genetic approaches 
using chick and mouse embryos have revealed the novel function and control of key 
regulators of limb development. In addition to these genetic approaches, comparative 
expression analyses on non-model vertebrates occupying critical phylogenetic positions 
have shed light on the organization of the vertebrate body plan in relation to the 
development of paired appendages. In this meeting, I introduce recent progress of our 
research on these areas and provide an integrated account of the broad impact of 
developmental approaches to address the evolution from fins into limbs. 
 
 



 18 

S5-1  
Transition From Aquatic To Terrestrial Life And Evolution of the Vertebrate Lung 
 
Masataka Okabe 
Department of Anatomy, The Jikei University School of Medicine, Japan 
 
About 400 million years ago, tetrapod ancestors had gradually evolved from fish-like 
aquatic animals to walking terrestrial vertebrates. In order to move from water to land, 
they made a number of modifications to their bodies: a removal or transformation of 
existing organs and an invention of new organs. For example, the limbs enabled tetrapod 
ancestors to lift their body against gravity, the endocrine organs kept homeostasis of the 
body fluid outside of water, and the gills were replaced with pulmonary respiration. To 
elucidate genomic changes that allowed the acquisition of new organs during the transition 
from water to land, my group has been integrating genomic information into embryology 
of various vertebrate species including mice, chicks, frogs, zebrafish and dogfish. We have 
also been making a great effort to establish breeding colonies and genomic resources of an 
African freshwater fish Polypterus senegalus (bichir) that possesses mosaic features, some 
of which are shared with tetrapods. In this talk, I will introduce a new living ancestor 
model Polypterus senegalus for studying evolutionary biology of tetrapods and show 
molecular evidence suggesting that the lungs and the swimbladder have evolved from a 
lung-like organ that was present in the common ancestor of ray-finned fishes and 
tetrapods.  
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S5-2  
Emergence of Mammals by Emergency: Exaptation  
 
Norihiro Okada 
 
Tokyo Institute of Technology (Japan) 
 
P (Permian)-T (Triassic) mass extinction is the most extensive extinction we have ever 
experienced on the earth. This occurred 250 Ma (million years ago). More than 96% living 
creatures were dead at that time. The most extensive environmental change occurred at the 
boundary of P-T mass extinction is the decrease of oxygen concentration. It is believed 
that it was up to 30% during the Permian era but after this boundary it decreased to 10%. 
Ancestors of reptiles and mammals should have adapted to this superanoxia. 
 
For these 3 years, our group has asked what happened on the DNA level for mammals to 
adapt to this extreme environment. We discovered that more than 100 loci of a new SINE 
family called AmnSINE1 were exapted possibly for this adaptation. We have now three 
concrete examples. One locus function as an enhancer for fgf8, which is involved in 
patterning of barrel field in thalamus, one relay station of somatosensory system in 
mammals. The second functions as an enhancer for Satb2, which is involved in axon 
formation of corpus callosum. The last example functions as an enhancer for Wint5a, 
which is involved in closure of the secondary palate of our jaw. Secondary palate is 
responsible for separation between the nasal and oral cavities, and is assumed to have 
evolved just after P-T mass extinction for our ancestor to obtain more efficient respiration. 
I am confident with the notion that this example is one of the most typical exaptations 
which links to geological events we have ever experienced. 
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S5-3  
Next Generation Sequencing Technologies for Identification of Molecular Basis of 
Complex Adaptive Traits  
 
Tomoaki Nishiyama 
Advanced Science Research Center, Kanazawa University, Japan 
 
Studies in model organisms, such as Arabidopsis, fruit fly, mouse, and rice, revealed 
genetic basis of numerous mutants and natural variations.  However, complex adaptive 
traits are generally found in non-model organisms.  Therefore, elucidation of molecular 
basis of complex adaptive traits requires tools to be developed, although basic concepts for 
gene identification are the same.  Genome sequence information drastically simplified the 
identification of responsive genes of mutants in model organisms.  Recent progress in 
next-generation sequencing technologies opened a route to sequence the new genomes 
economically, though assembly of sequences produced by these sequencers is still a 
difficult task.  Once an assembled draft genome sequence is obtained next-generation 
sequencers can be used to identify polymorphisms and gene structures.  Polymorphisms 
information will be used to narrow down the region responsible for the traits by genetic 
mapping, if segregating population with phenotype information were sequenced.  Gene 
structure can be inferred using deep sequencing data of cDNA.  A gene with 
polymorphisms tightly linked to the phenotype is a candidate for the responsive gene.  
Confirmation of the responsive gene would require transformation techniques, which 
requires organism specific development.  The status of the technologies relating next 
generation sequencer information will be reviewed. 
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S6-1  
HAR1, KLAVIER and TML Mediate Long-distance Control of Nodulation 
 
Masayoshi Kawaguchi 
Division of Symbiotic Systems, National Institute for Basic Biology, Japan 
 
Symbiosis in legume can exist as a steady balance between hosts and microbes. To prevent 
excessive nodulation, leguminous plants have a systemic feedback regulatory system 
controlling nodule development. This process, in which developed nodules or nodule 
primordia suppress the emergence of further nodules, is termed autoregulation of 
nodulation (AON). AON is believed to consist of two presumptive long-distance signals, 
i.e., the root-derived and shoot-derived signals. The root-derived signal is thought to be 
generated in roots in response to rhizobial Nod factors and then translocated to the shoot, 
while the shoot-derived signal is translocated to the root to restrict further nodulation. 
Mutants defective in AON display a‘hyper-nodulation’ phenotype. Control of nodulation 
by systemic feedback is of great interest with respect to the flexibility of plant 
organogenesis.  
 
Using a model legume Lotus japonicus, we isolated har1, klavier, and too much love (tml) 
hyper-nodulation mutants. Grafting experiments revealed that HAR1 and KLAVIER 
function in the shoot, while TML in the root.  HAR1 encodes a LRR receptor-like kinase 
that shows the highest similarity with Arabidopsis CLV1 that maintains shoot apical 
meristem (SAM). KLAVIER is also encodes a LRR receptor-like kinase and required for 
AON and SAM maintenance. On the other hand, TML is likely to function downstream of 
HAR1, possibly as a receptor or a mediator of the as-yet unidentified shoot-derived signal.  
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S6-2  
Molecular Basis of Self-sacrificing Gall Repair by Soldier Aphids 
 
Mayako Kutsukake1), Harunobu Shibao2), Keigo Uematsu2), Takema Fukatsu1) 
1) National Institute of Advanced Industrial Science and Technology (AIST), Japan, 2) The 
University of Tokyo, Japan 
 
Together with bees, wasps, ants and termites, aphids contain many social species with 
individuals altruistic to their colony mates by sacrificing their own reproduction. In aphids, 
such individuals are called “soldiers” because their main task is colony defense, although 
some soldiers also perform non-defensive gall cleaning and gall repair. The gall repair was 
reported from the gall-forming aphid, Nipponaphis monzeni, which forms completely 
closed galls on the tree Distylium racemosum. When a hole was bored in the gall wall by 
gall-feeders such as lepidopteran larvae, the soldier nymphs immediately gathered around 
the hole, discharged a large amount of body fluid from their cornicles on the damaged area, 
and mixed the fluid with their legs. The discharged fluid soon became viscous and 
solidified, whereby the hole was filled up completely. In an attempt to understand the 
molecular basis of gall repair, especially of the solidification, we analyzed proteinaceous 
components of the body fluid. We found that the body fluid consisted of six major 
proteinaceous components, one of which was phenoloxidase, a key enzyme involved in 
melanization and wound healing in insects. Our results suggested an evolutionary scenario 
that the aphid's innate immune and wound-healing mechanisms have been recruited to the 
social task, gall repair, in the lineage leading to N. monzeni.  
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S6-3  
Symbiosis as the Source of Evolutionary Novelties  
 
Takema Fukatsu 
National Institute of Advanced Industrial Science and Technology (AIST), Japan  
 
Many animals and other organisms constantly harbor microorganisms inside their body, 
which has been referred to as “endosymbiosis”. Due to the close spatial proximity, 
extremely intimate biological interactions and inter-dependence are commonly found 
between the partners called host and symbiont. Novel biological properties are often 
generated through such associations. In many cases, host and symbiont are integrated into 
an almost inseparable entity. Here we present a series of our works on the evolutionary 
origin and biological functions of insect endosymbionts. 
 
References:  
Kondo et al. (2002) PNAS 99, 14280  
Koga et al. (2003) Proc R Soc B 270, 2543  
Tsuchida et al. (2004) Science 303, 1989  
Nakabachi et al. (2005) PNAS 102, 5477  
Hosokawa et al. (2006) PLoS Biol 4, e337  
Hosokawa et al. (2007) Proc R Soc B 274, 1979  
Nikoh et al. (2008) Genome Res 18, 272  
Aikawa et al. (2009) Proc R Soc B 276, 3791  
Hosokawa et al. (2010) PNAS 107, 769  
Fukatsu (2010) Science 328, 574  
Tsuchida et al. (2010) Science 330, 1102  
 

  



 24 

POSTER PRESENTATIONS  
 



 25 

P01 The Head Cavity and the Trunk Somite are a Distinct Type of Mesoderm 
Noritaka Adachi (RIKEN CDB, Japan) 
 
P02 Analysis on Morphological Evolution of the Multibranched Antenna Peculiar to Lepidopteran 
Insects 
Toshiya Ando (The University of Tokyo, Japan) 
 
P03 Evolution of the Vertebrate Telencephalon 
Shin-ichi Aota (RIKEN CDB, Japan) 
 
P04 Sex Pheromone Evolution in Silkmoths 
Takaaki Daimon (The University of Tokyo, Japan) 
 
P05 Genome and Traits of the Fly Evolved under a Dark Environment 
Naoyuki Fuse (Kyoto University, Japan) 
 
P06 Development and Evolution of Color Pattern Diversity in Dragonflies 
Ryo Futahashi (AIST, Japan) 
 
P07 Evolution and Developmental Origin of Vertebrate's Upper Jaw 
Hiroki Higashiyama (RIKEN CDB / Kobe University, Japan) 
 
P08 Regulatory Mechanisms of Initiation of a Sporophyte-like Stem Cell in the Moss 
Physcomitrella patens CURFY LEAF Deletion Mutants 
Yuji Hiwatashi (NIBB, Japan) 
 
P09 Phenotypic Plasticity in the Range-margin Population of the Lycaenid Butterfly Zizeeria maha  
Atsuki Hiyama (University of the Ryukyus, Japan) 
 
P10 Molecular Identification of Vertebrate Phylotypic Stage  
Naoki Irie (RIKEN CDB, Japan) 
 
P11 Wing Melanization Patterns between Harmonia axyridis and Argopistes coccinelliformis  
Akinori Ito (Nagoya University, Japan) 
 
P12 Nuclear Transport Machineries Cooperatively Working with the Nucleus-specific 
Nucleoporins in the Bi-nucleated Protozoan Tetrahymena thermophila -Implication of the Nuclear 
Transport System in Evolution of Eukaryotes- 
Masaaki Iwamoto (NICT, Japan) 
 
P13 A Bridge Between Original and Novel States - Ontogeny and Function of “Suction Discs” in 
the Branchiura (Crustacea) -  
Tomonari Kaji (Shizuoka University, Japan) 
 
P14 Genetic Basis of Parallel Evolution for the Spiny Scale in the Rapid Radiation of Pufferfishes  
Kiyoshi Kikuchi (The University of Tokyo, Japan) 
 
P15 Positional Cloning of the Gene Responsible for the black pupa (bp) Mutation 
Takashi Kiuchi (The University of Tokyo, Japan) 
 
P16 Evolution of Complex Skeletal Muscles of Vertebrates: Molecular Evidences from the 
Cyclostome Lamprey  
Rie Kusakabe (Kobe University, Japan) 
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P17 Proteomic Analysis of the Silkworm (Bombyx mori L.) Suboesophageal Ganglion 
Xing-hua Li (Zhejiang University, P. R. China) 
 
P18 Developmental Plasticity of Germ-line Specification in the Pea Aphid: Implicated by 
Differential Expressions of Four vasa Genes in Asexual and Sexual Embryos 
Gee-way Lin (Hokkaido University, Japan/ National Taiwan University, Taiwan) 
 
P19 Identification of a Pink Pigment Constituting the Flower Mimicry of the Orchid Mantis, 
Hymenopus coronatus  
Hiroaki Mano (NIBB, Japan) 
 
P20 Sociogenomics in Termites: Caste Development and Underlying Developmental and 
Physiological Systems  
Toru Miura (Hokkaido University, Japan) 
 
P21 Genetic Links between Developmental Period and Circadian Rhythm in Relation to 
Reproductive Isolation  
Takahisa Miyatake (Okayama University, Japan) 
 
P22 Blending of Animal Colour Patterns by Hybridization  
Seita Miyazawa (Osaka University, Japan) 
 
P23 Investigation of the Gene Responsible for the Larval Striped Pigmentation Pattern of the 
Silkworm Mutant Ze  
Takayuki Mizoguchi (The University of Tokyo, Japan) 
 
P24  Molecular Mechanism of Plant Cytokinesis and Implication of its Evolution 
Takashi Murata (NIBB, Japan) 
 
P25 Evolution of Shoulder Girdle in Amniotes  
Hiroshi Nagashima (RIKEN CDB, Japan) 
 
P26 Morphological and Molecular Basis of Pelvic Fin Muscle Development in Zebrafish 
Yuki Nakatani (Tokyo Institute of Technology, Japan) 
 
P27   
Withdrawn  
 
P28 Formation of Tarsal Segments in the Drosophila Leg by the Temporal Regulation of 
Transcription Factor Genes  
Kouhei Natori (The University of Tokyo, Japan) 
 
P29 Diversity of Olfactory Receptor Gene Repertoires among 38 Mammals 
Yoshihito Niimura (Tokyo Medical and Dental University, Japan) 
 
P30 Reductive Bacterial Genome Evolution in Insect Gut Environment  
Naruo Nikoh (The Open University of Japan, Japan) 
 
P31 Genes Involved in the Wing Pattern Formation of a Swallowtail Butterfly, Papilio polytes  
Hideki Nishikawa (The University of Tokyo, Japan) 
 
P32 The Paratympanic Placode  
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Paul O'Neill (RIKEN CDB, Japan) 
 
P33 Developmental Regulation of Genetic Wing Polymorphism in Males of the Pea Aphid: 
Comparison with Female Wing Polyphenism  
Kota Ogawa (Hokkaido University, Japan) 
 
P34 Expression Analysis of Wing Genes in the Firebrat, Thermobia domestica  
Takahiro Ohde (Nagoya University, Japan) 
 
P35 Evolution of the Head Structure in Early Vertebrates  
Yasuhiro Oisi (RIKEN CDB, Japan) 
 
P36 Morphological Integration in the Ornamented Beetle Gnatocerus cornutus 
Yasukazu Okada (Okayama University, Japan) 
 
P37 Development and Evolution of the Lateral Plate Mesoderm: Comparative Analysis of 
Amphioxus and Lamprey, with Implications for the Acquisition of Paired Fins 
Koh Onimaru (Tokyo Institute of Technology, Japan) 
 
P38 An Acquirement of gcm2 Enhancers Contributes to Evolution of Ionocytes in Teleosts  
Takanori Shono (The Jikei University, Japan) 
 
P39 AP-1 Transcription Factors Regulate the Number of Apoptotic Cells in Developing Chick 
Limb Buds  
Natsuno Suda (Tokyo Institute of Technology, Japan) 
 
P40 Regionalization and D-V Patterning of the Lamprey Telencephalon, with Special Reference to 
the Evolution of the Vertebrate Brain  
Fumiaki Sugahara (RIKEN CDB, Japan) 
 
P41 Morphological Integration of Moth and Butterfly Wing Patterns for a Special Resemblance to 
Leaves  
Takao K. Suzuki (RIKEN CDB, Japan) 
 
P42 Evolution and Development of the Accessory Nerve  
Motoki Tada (RIKEN CDB, Japan) 
 
P43 Molecular Developmental Study of the Mammalian Middle Ear Evolution 
Masaki Takechi (RIKEN CDB, Japan) 
 
P44 The Early Embryogenesis of Polypterus (Bichirs): Insights into the Origin and Evolution of 
Vertebrate Body Plans  
Masaki Takeuchi (RIKEN CDB, Japan) 
 
P45 Aphid Color Polymorphism is Generated by a Facultative Endosymbiont  
Tsutomu Tsuchida (RIKEN ASI, Japan) 
 
P46 Repeated Evolution of Activity-dependent Dusp1 Expression in Forebrain Pathways for Vocal 
Learning and Production  
Kazuhiro Wada (Hokkaido University, Japan) 
 
P47 Mechanism of Twin-Spot Marking Formation on Larval Body of Lepidoptera 
Junichi Yamaguchi (The University of Tokyo, Japan) 



Overseas Invitees  

Paul M.  
Brakefield 

Jeffrey L.  
Feder 

Arne W.   
Nolte 



Symposium Session 1 



Symposium Session 2 



Symposium Session 3 



Poster Session & Reception 



Symposium Session 4 



Symposium Session 5 



Symposium Session 6 





	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

COMPLEX ADAPTIVE TRAITS Newsletter Vol. 1 No. 3 
発	 行：2011年2月28日	 

発行者：新学術研究領域「複合適応形質進化の遺伝子基盤解明」（領域代表者	 長谷部光泰）	 

編	 集：COMPLEX ADAPTIVE TRAITS Newsletter 編集委員会（編集責任者	 深津武馬）	 
領域URL：http://staff.aist.go.jp/t-fukatsu/SGJHome.html 
	 

	 


