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Since the 1980s, a renewed understanding of molecular development has
afforded an unprecedented level of knowledge of the mechanisms by which
phenotype in animals and plants has evolved. In this volume, top scientists in
these fields provide perspectives on how molecular data in biology help to
elucidate key questions in estimating palacontological divergence and in
understanding the mechanisms behind phenotypic evolution. Palaeobiological
questions such as genome size, digit homologies, genetic control cascades behind
phenotype, estimates of vertebrate divergence dates, and rates of morphological
evolution are addressed, with a special emphasis on how molecular biology can
inform palacontology, directly and indirectly, to better understand life’s past.
Highlighting a significant shift towards interdisciplinary collaboration, this is a
valuable resource for students and researchers interested in the integration of

organismal and molecular biology.

Robert J. Asher is a Lecturer and Curator of Vertebrates in the University
Museum of Zoology, Cambridge, UK. He is a vertebrate palacontologist,

specializing in mammals, with interests in phylogenetics and development.

Johannes Miiller is Professor of Palaeozoology at the Natural History
Museum, Humboldt University, Berlin, Germany. He is a palaecobiologist,
focusing on the evolutionary diversification of fossil and recent reptiles.
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This new Cambridge series addresses the interface between morphological and
molecular studies in living and extinct organisms. Areas of coverage include
evolutionary development, systematic biology, evolutionary patterns and
diversity, molecular systematics, evolutionary genetics, rates of evolution,

new approaches in vertebrate palacontology, invertebrate palacontology,
palaeobotany, and studies of evolutionary functional morphology. The series
invites proposals demonstrating innovative evolutionary approaches to the
study of extant and extinct organisms that include some aspect of both
morphological and molecular information. In recent years the conflict between
“molecules vs. morphology” has given way to more open consideration of both

sources of data from each side, making this series especially timely.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107003262
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-00326-2 - From Clone to Bone: The Synergy of Morphological and Molecular Tools in Palaeobiology
Edited by Robert J. Asher and Johannes Miiller

Frontmatter

More information

Carnivoran Evolution: New Views on Phylogeny, Form and Function
Edited by Anjali Goswami and Anthony Friscia

Evolutionary History of Bats: Fossils, Molecules and Morphology
Edited by Gregg F. Gunnell and Nancy B. Simmons

Evolution of the House Mouse

Edited by Milos Macholdn, Stuart J. E. Baird, Pavel Munclinger and
Jaroslav Pidlek

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107003262
http://www.cambridge.org
http://www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-1-107-00326-2 - From Clone to Bone: The Synergy of Morphological and Molecular Tools in Palaeobiology
Edited by Robert J. Asher and Johannes Miiller

Frontmatter

More information

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107003262
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-00326-2 - From Clone to Bone: The Synergy of Morphological and Molecular Tools in Palaeobiology
Edited by Robert J. Asher and Johannes Miiller

Frontmatter

More information

From Clone
to Bone

The Synergy of
Morphological and
Molecular Tools in
Palaeobiology

EDITED BY

Robert J. Asher

Museum of Zoology,
University of Cambridge, UK

and

Johannes Miiller
Museum fiir Naturkunde/Humboldt
University of Berlin, Germany

B CAMBRIDGE
UNIVERSITY PRESS

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107003262
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-00326-2 - From Clone to Bone: The Synergy of Morphological and Molecular Tools in Palaeobiology
Edited by Robert J. Asher and Johannes Miiller

Frontmatter

More information

CAMBRIDGE UNIVERSITY PRESS
Cambridge, New York, Melbourne, Madrid, Cape Town,
Singapore, Sio Paulo, Delhi, Mexico City

Cambridge University Press
The Edinburgh Building, Cambridge CB2 8RU, UK

Published in the United States of America by Cambridge University Press, New York

www.cambridge.org
Information on this title: www.cambridge.org/9781107003262

© Cambridge University Press 2012

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without

the written permission of Cambridge University Press.

First published 2012
Printed and Bound in the United Kingdom by the MPG Books Group
A catalogue record for this publication is available from the British Library

Library of Congress Cataloging-in-Publication Data

From clone to bone: the synergy of morphological and molecular tools in palaeobiology /
edited by Robert J. Asher, Johannes Miiller.
pages cm. — (Cambridge studies in morphology and molecules; 4)
Includes bibliographical references and index.
ISBN 9¢78-1-107-00326-2 (Hardback) — ISBN ¢78-0-521-17676-7 (Paperback)
1. Evolutionary paleobiology. 2. Paleobiology—Methodology. 3. Morphology (Animals)
4. Morphogenesis. 5. Molecular biology. 1. Asher, Robert J. II. Miiller, Johannes, 1973~
QE721.2.E85F76 2012
560—dc23 2012014611

ISBN ¢78-1-107-00326-2 Hardback
ISBN g78-0-521-17676-7 Paperback

Cambridge University Press has no responsibility for the persistence or
accuracy of URLs for external or third-party internet websites referred to
in this publication, and does not guarantee that any content on such

websites is, or will remain, accurate or appropriate.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107003262
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-00326-2 - From Clone to Bone: The Synergy of Morphological and Molecular Tools in Palaeobiology
Edited by Robert J. Asher and Johannes Miiller

Frontmatter

More information

Contents
List of contributors page ix
1 Molecular tools in palaeobiology: divergence and mechanisms I

ROBERT J. ASHER AND JOHANNES MULLER
PART I Divergence

2 Genomics and the lost world: palaecontological insights into

genome evolution 16
CHRIS ORGAN

3 Rocking clocks and clocking rocks: a critical look at divergence

time estimation in mammals 38
OLAF R. P. BININDA-EMONDS, ROBIN M. D. BECK AND
ROSS D. E. MACPHEE

4 Morphological largess: can morphology offer more and be

modelled as a stochastic evolutionary process? 83
HANS C. E. LARSSON, T. ALEXANDER DECECCHI AND LUKE
B. HARRISON

5 Species selection in the molecular age 116
CARL SIMPSON AND JOHANNES MULLER

PART II Mechanisms

6 Reconstructing the molecular underpinnings of morphological

diversification. A case study of the Triassic fish Saurichthys 135
LEONHARD SCHMID

7 A molecular guide to regulation of morphological pattern in the

vertebrate dentition and the evolution of dental development 166
MOYA SMITH AND ZERINA JOHANSON

8 Molecular biology of the mammalian dentary: insights into how
complex skeletal elements can be shaped during development

and evolution 207
NEAL ANTHWAL AND ABIGAIL S. TUCKER

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107003262
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-00326-2 - From Clone to Bone: The Synergy of Morphological and Molecular Tools in Palaeobiology
Edited by Robert J. Asher and Johannes Miiller

Frontmatter
More information
VIII Contents

9 Flexibility and constraint: patterning the axial skeleton

in mammals 230
EMILY A. BUCHHOLTZ

10 Molecular determinants of marsupial limb integration

and constraint 257
KAREN E. SEARS, CAROLYN K. DOROBA, XIAOYI CAO,
DAN XIE AND SHENG ZHONG

11 A developmental basis for innovative evolution of the

turtle shell 279
SHIGERU KURATANI AND HIROSHI NAGASHIMA

12 A molecular—morphological study of a peculiar limb morphology:

the development and evolution of the mole’s ‘thumb’ 301
CHRISTIAN MITGUTSCH, MICHAEL K. RICHARDSON,

MERIJN A. G. DE BAKKER, RAFAEL JIMENEZ, JOSE EZEQUIEL
MARTIN, PETER KONDRASHOV AND MARCELO

R. SANCHEZ-VILLAGRA

13 Manus horribilis: the chicken wing skeleton 328
MICHAEL K. RICHARDSON

Index 363

The colour plates are situated between pages 182 and 183.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107003262
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-00326-2 - From Clone to Bone: The Synergy of Morphological and Molecular Tools in Palaeobiology
Edited by Robert J. Asher and Johannes Miiller

Frontmatter

More information

Contributors

Neal Anthwal, Department of Craniofacial Development, King’s College
London, UK

Robert J. Asher, Department of Zoology, University of Cambridge, UK

Robin Beck, Department of Mammalogy, American Museum of Natural History,
New York, USA

Olaf R. P. Bininda-Emonds, Institute for Biology and Environmental Sciences,
Carl von Ossietzky University Oldenburg, Oldenburg, Germany

Emily A. Buchholtz, Department of Biological Sciences, Wellesley College, MA,
USA

Xiaoyi Cao, Center for Biophysics and Computational Biology, University of
Illinois, Urbana, IL, USA

Merijn A. G. de Bakker, Institute of Biology, Leiden University, The Netherlands
T. Alexander Dececchi, Redpath Museum, McGill University, Montreal, Canada

Carolyn K. Doroba, Department of Animal Biology, University of Illinois,
Urbana, IL, USA

Luke B. Harrison, Redpath Museum, McGill University, Montreal, Canada
Rafael Jiménez, Departamento de Genética, University of Granada, Spain

Zerina Johanson, Department of Palacontology, Natural History Museum,
London, UK

Peter Kondrashov, Anatomy Department, Kirksville College of Osteopathic
Medicine, A.T. Still University of Health Sciences, Kirksville, MO, USA

Shigeru Kuratani, Laboratory for Evolutionary Morphology, RIKEN Center for
Developmental Biology, Kobe, Japan

Hans C. E. Larsson, Redpath Museum, McGill University, Montreal, Canada

Ross D. E. MacPhee, Department of Mammalogy, American Museum of Natural
History, New York, USA

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107003262
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-00326-2 - From Clone to Bone: The Synergy of Morphological and Molecular Tools in Palaeobiology
Edited by Robert J. Asher and Johannes Miiller

Frontmatter
More information
X List of contributors

José Ezequiel Martin, Instituto de Parasitologia y Biomedicina Lépez-Neyra,
CSIC, Granada, Spain

Christian Mitgutsch, RIKEN Center for Developmental Biology, Laboratory for
Evolutionary Morphology, Kobe, Japan

Johannes Miiller, Museum fiir Naturkunde, Leibniz-Institut fiir Evolutions- und
Biodiversititsforschung an der Humboldt Universitit zu Berlin, Germany

Hiroshi Nagashima, Department of Regenerative and Transplant Medicine,
Niigata University, Niigata, Japan

Chris Organ, Department of Organismic and Evolutionary Biology, Harvard
University, Cambridge, MA, USA

Michael K. Richardson, Institute of Biology, Leiden University, The Netherlands

Marcelo R. Sanchez-Villagra, Paliontologisches Institut und Museum,
University of Ziirich, Switzerland

Leonhard Schmid, Paliontologisches Institut und Museum, University of Ziirich,
Switzerland

Karen E. Sears, Department of Animal Biology and Institute for Genomic

Biology, University of Illinois, Urbana, IL, USA

Carl Simpson, Museum fiir Naturkunde, Leibniz-Institut fiir Evolutions- und
Biodiversititsforschung, Humboldt University of Berlin, Germany

Moya Smith, Department of Croniofacial and Stem Cell Biology, Dental
Institute, King’s College London, UK

Abigail S. Tucker, Department of Craniofacial and Stem Cell Biology, Dental
Institute, King’s College London, UK

Dan Xie, Department of Bioengineering, University of Illinois, Urbana, IL, USA

Sheng Zhong, Department of Animal Biology, Institute for Genomic Biology, and
Department of Statistics, University of Illinois, USA

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107003262
http://www.cambridge.org
http://www.cambridge.org

	http://www: 
	cambridge: 
	org: 


	9781107003262: 


