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新学術領域研究「複合適応形質進化の遺伝子基盤解明」 
2011 年度国際シンポジウム報告  

 
	 新学術領域研究「複合適応形質進化の遺伝子基盤解明」では、国際シンポジウ

ムを企画・開催することにより、関連分野の内外の最先端研究を広く紹介すると

ともに、国際的な交流・議論の活性化につとめています。 
	 今年度は、7 月 26 日から 7 月 31 日にかけて京都大学及びみやこめっせで開催
された Society for Molecular Biology and Evolution (SMBE) 2011 Kyoto 
Conference並びに日本進化学会第 13回大会とのタイアップにより、2つの国際シ
ンポジウムを開催しました。 
 
(1) Current Problems in Vertebrate Evolutionary Development 
オーガナイザー: 
田中幹子（東京工業大学） 
倉谷	 滋（神戸理化学研究所ＣＤＢ） 
	 このシンポジウムでは外国人研究者を 2名招待し、新学術領域研究、SMBEに
加え、RIKEN Kobe CDBの協賛にて開催されました。古生物学、比較ゲノム学、
比較発生学、バイオインフォマティクスなど、各領域の成果を踏まえ、脊索動物

の形質進化を多角的、学際的に考察し、活発な議論がなされました。 
 
(2) Symbiosis as the Source of Evolutionary Novelties  
オーガナイザー： 
深津武馬（産業技術総合研究所） 
Nancy A. Moran (Yale University) 
	 このシンポジウムでは昨年度の国際生物学賞受賞者である当該分野の第一人者

であるMoran博士をオーガナイザーに迎え，３名の外国人研究者および３名の日
本人研究者による講演がおこなわれました。生物間共生の進化と起源に関する広

範かつ最先端の研究展開が提示され，多くの参加者のあいだで活発な議論が展開

され、大変に有意義なシンポジウムとなりました。 
 
	 本新学術領域では今後ともさまざまな形の国際シンポジウムを計画しています。

このような機会が若い世代が未来を切り開いてゆくための糧となって欲しいと切

に願うものであります。 
 

平成２３年８月５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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SMBE Symposium 14: 
Current problems in vertebrate evolutionary development 
 
Time and Room: 9:30-12:00, 30th July 2011, 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) 
Naoki Irie (RIKEN Center for Developmental Biology, Lab for Morphological Evolution, 
Japan) 
Hiroshi Nagashima (Niigata University, Japan) 
Marcelo Sánchez (University of Zurich, Switzerland) 
Mikiko Tanaka (Tokyo Institute of Technology, Tokyo, Japan) 
 
Program: 
9:30-10:00 Daniel Chourrout  
“What happened to the genome of vertebrate closest living relatives?” 
10:00-10:30 Marcelo Sánchez  
“The contributions of palaeontology to the study of development in a molecular world” 
10:30-11:00 Hiroshi Nagashima  
“Developmental bases for morphological diversity of amniote pectoral girdle” 
11:00-11:30 Naoki Irie  
“Transcriptome similarity reveals developmental basis for vertebrate body plan” 
11:30-12:00 Mikiko Tanaka  
“Evolution of vertebrate paired appendages” 
 
* This symposium was 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 was jointly held with Society for Evolutionary Studies, Japan (SESJ) 
 
 
 

 
The yellow-margined box turtle Cuora flavomarginata 
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What happened to the genome of vertebrate closest living 
relatives?  

 
Daniel Chourrout  

 
Sars International Centre for Marine Molecular Biology, University of Bergen, 

Norway 
 

A major step immediately preceding the emergence of vertebrates is a 
double round of whole genome duplications. Numerous duplicated genes have 
been retained after this event, in particular many duplicates of developmental 
genes, as we recently learned from comparative genomics. This somewhat 
strengthens the assumption that vertebrates owe their high level of anatomical 
complexity to specialization of new members within developmental gene 
families. How these genes became individually and finely regulated is a 
question generating considerable work and hypotheses for the evolution of 
vertebrate genomes, with Hox genes being a very speaking example. 

How did the closest relatives of vertebrates evolve in parallel? It was 
somewhat surprising to learn a few years ago that the last living group having 
diverged from vertebrates are the tunicates, and not the cephalochordates 
whose anatomy is highly reminiscent of vertebrates. Tunicates are marine 
chordates that have extremely diverse adult forms and adopted very peculiar 
life styles. Tunicates probably underwent a simplification process from their 
chordate ancestors. The known genomes of two distantly related tunicate 
genomes indicate a more rapid evolution of gene sequences and genome 
architecture. What happened to the chordate genome in the tunicate lineage of 
Oikopleura dioica is our major interest and question. The profound divergence 
observed, which will be reported in more details during this presentation, can 
be interpreted in various ways, one of which as the outcome of a “catastrophic” 
evolution.  
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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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SMBE Symposium 4:  
Symbiosis as the source of evolutionary novelties 
 
Time and Room: 13:30-16:00, 27th July 2011, room S-1 
 
Organizers:  
Takema Fukatsu (National Institute of Advanced Industrial Science and Technology 
(AIST), Japan) 
Nancy Moran (Yale University, New Haven, USA) 
 
Speakers: 
John Archibald (Dalhousie University, Canada)  
Gaelen Burke (The University of Georgia, USA)  
Takema Fukatsu (National Institute of Advanced Industrial Science and Technology 
(AIST), Japan) 
Yoshitomo Kikuchi (National Institute of Advanced Industrial Science and Technology 
(AIST), Japan)  
Naruo Nikoh (The Open University of Japan, Japan)  
Davide Sassera (Universita' degli Studi di Milano, Italy)  
 
Program: 
13:30-13:35 Takema Fukatsu  
“Brief introduction” 
13:35-14:00 John Archibald:  
“One plus one equals one: secondary endosymbiosis and genome mosaicism in microbial 
eukaryotes” 
14:00-14:15 Davide Sassera  
“The genome of the intramitochondrial bacterium Midichloria and the origin of 
mitochondria” 
14:15-14:40 Gaelen Burke  
“The genome sequence of Serratia symbiotica, a recently evolved symbiont of aphids” 
14:40-15:05 Yoshitomo 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 Takema Fukatsu  
“Intraspecific polymorphism of obligate symbionts: Insights into diversification and 
evolution of insect-microbe mutualistic associations” 
15:30-15:45 Naruo Nikoh  
“Comparative genomics among the obligate gut symbionts of plataspid stinkbugs, 
Ishikawaella capsulata” 
15:45-16:00 Nancy Moran  
“General discussion”  
 
* This symposium was supported by Grant-in-Aid for Scientific Research on Innovative Areas "Genetic Bases for the 
Evolution of Complex Adaptive Traits", MEXT, Japan 
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単細胞藻類の内部共生進化

について講演する John	 
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めとする多くの聴衆
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会場では活発な討

議がおこなわれた 
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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 
 

1Universita' degli Studi di Milano, Italy; 2Sidney 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 

 
Gaelen R. Burke1, Nancy A. Moran2 

 
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 Kikuchi 

 
AIST, Japan; Hokkaido 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 
 

1The Open University of Japan, Japan; 2National Institute of Advanced 
Industrial Science and Technology (AIST), 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. 

 
 

 



	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

COMPLEX ADAPTIVE TRAITS Newsletter Vol. 2 No. 3 
発	 行：2011年10月12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 
	 

	 


