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Shigeru Kuratani received his masters and Ph. D. from the Kyoto University Department of Zoology. He spent the period from 1985 to 1988 
studying comparative embryology in the Department of Anatomy, University of the Ryukyus, and 1988 to 1991 working in experimental 
embryology in the Department of Anatomy at the Medical College of Georgia before moving to the Biochemistry Department at the Baylor 
College of Medicine, where he was engaged in molecular embryological research. He returned to Japan in 1994 to take a position as 
associate professor at the Institute of Medical Embryology and Genetics in the Kumamoto University School of Medicine. He moved to 
Okayama University to assume a professorship in the Department of Biology in 1997, where he remained until he was appointed team leader 
at the CDB. He was appointed group director in 2005.

By studying the evolutionary designs of diverse animal species, I hope to gain a deeper insight into the secrets behind the fabrica-
tion of morphological designs. Integrating the fields of evolutionary morphology and molecular genetics, our lab seeks to expand 
the understanding of the relationship between genome and morphology (or body plan) through investigating the evolutionary 
changes in developmental processes, and also the process of evolution in which phenotypic selection shapes developmental 
programs. Our recent studies have focused on novel traits found in the vertebrates, such as the jaw, the turtle shell, and the 
mammalian middle ear. By analyzing the history of developmental patterns, I hope to open new avenues toward answering 
as-yet unresolved questions about phenotypic evolution in vertebrates at the level of body plans.

Through the study of evolutionarily novel structures, our lab has identified changes in developmental mechanisms that have 
obliterated the structural homologies between organisms as evidenced in such novel structures as the jaw in gnathostomes 
(jawed vertebrates) and the turtle shell. Developmental studies of the cranial region of the lamprey are intended to shed light on 
the true origins of the vertebrate head and neck, as lampreys lack a number of important features, including jaws, true tongues 
and trapezius muscles, that are possessed only by gnathostomes. We aim to resolve the question of what primary factors have 
changed during evolution by comparing the developmental patterns that yield such innovations, and by the experimental 
construction of phenocopies in one animal that mimic structures in another. 

The turtle’s shelled body pattern appears suddenly in the fossil record. Our lab’s research into turtle carapace development 
addresses the developmental changes that resulted in this abrupt and dramatic morphological change, and is aimed at identifying 

genes that function differently in turtle and other amniotes, which it is hoped 
will provide a key to discovering the true targets of natural selection in the 
acquisition of a shell.

We have also recently started to study wing pattern evolution in moths in an 
effort to understand the relationship between phenotype and development. 
By employing morphometric strategies, we seek to identify relationships 
between developmental and functional modules in wing patterns, which we 
hope will lead to molecular developmental searches for genes favored by 
natural selection.

Raj Ladher received his B. Sc. in biochemistry from Imperial College, London in 1992 and his Ph. D. in developmental biology from the 
National Institute for Medical Research in 1996, for his thesis on the cloning of the Xenopus homeobox gene, Xom. He worked as a research as-
sociate at King's College, London from 1996 to 2000 in the lab of Pip Francis-West, and first came to Japan during that period as a visiting 
scientist at the Tokyo Medical and Dental University. In 2000, he moved to the University of Utah as a postdoctoral fellow in Gary Schoenwolf's 
laboratory, and was appointed team leader at the CDB in 2002.

Organogenesis is a monumental undertaking. From siting a given organ to its correct location, to confirming that it is correctly 
engineered and constructed, to ensuring the necessary functional connections with other organs, the embryo has a daunting 
task before it; indeed, perhaps we should be surprised that the result is so frequently successful. Taking sensory organogenesis 
as our model system, we hope to be able to follow the route an organ takes in its development, and seek to understand the 
steps that allow it to reach maturity. One aim is to be able to recapitulate these steps in vitro, with the ultimate goal of providing po-
tentially clinically relevant applications.
 
The ear provides a particularly rich system for study. The inner ear, which converts mechanical stimulation to electrical impulses, 
is formed from a piece of tissue originally destined to become skin; a fate that is altered by instructive signals in a process known 
as induction. In our research to date, we have identified the mechanism and the signals that set this early tissue on its path 
toward an inner ear fate as well as those that determine its position. We next hope to learn how these signals are themselves 
established. We are also investigating the role these signals play in the regulated differentiation of the otic placode, and in better un-
derstanding the cellular, molecular and embryological process responsible for this elegantly engineered organ of hearing.

The inner ear cannot function alone. In higher vertebrates, it requires the middle ear to transduce sound that has been channeled 
through the external ear, as well as specialized regions within the brain to interpret the information it sends. But how is this 
intricate integration achieved? Using a combination of molecular and embryological techniques, we are characterizing the 
systems the embryo uses in the coordinated construction of the auditory apparatus.

We believe that an understanding of the embryological systems that control the development of the inner ear can be applied 
to the development of other organs, sensory organs in particular. By working to comprehend the induction and development 

of other sense organs, such as the olfactory system and 
the eye, we are now taking steps toward achieving insights 
into common mechanisms underpinning the development 
of organ systems.
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Dorsal (left) and ventral (right) views of the carapace (dorsal half of the turtle shell) of Chinese soft-
shelled turtle. The carapace forms from laterally expanded ribs.

The chick middle ear is made of one bone, the columella. Alcian blue high-
lights the cartilage of the columella. On the left is a control columella, the 
right columella is from an anotic embryo.




