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Abstract 
 

In 1952, Robert Briggs and Thomas King published a paper announcing the development 

of a new technique, nuclear transplantation, which could have profound consequences in 

the study of developmental biology.  Forty-four years later, in 1996, researchers in 

Scotland used a variation of nuclear transplantation to produce a cloned sheep.  The 

sheep was named Dolly and became a cultural, scientific, and controversial symbol for 

biology's successes and promises.  Since then, the historical relevance of nuclear 

transplantation has always been its connection to the successful cloning of Dolly.  I argue 

in this dissertation, however, that the history of nuclear transplantation before Dolly 

offers valuable insights into the history of developmental biology, genetics, cancer 

research, and bioethics.  As essentially a biography of the technique, my narrative weaves 

together these often distinct historiographical traditions, showing the intricate 

institutional and intellectual connections between them.  Though the first successful 

nuclear transplantation in vertebrates occurred in the early 1950s, this dissertation traces 

back the relevant historical origins to the early 1920s with the development of the cancer 

research center in which Briggs and his colleagues eventually worked out nuclear 

transplantation.  In subsequent chapters this dissertation follows the development of the 

technique and the successes and controversies that it encountered in the 1950s related to 

the work of John Gurdon.  From there, I show how nuclear transplantation moved from 

strictly a laboratory discussion to a cultural phenomenon related to human cloning in the 

1960s when Nobel Laureate Joshua Lederberg helped co-opt nuclear transplantation to 

fuel democratic discussion over the direction of biological research. 
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Introduction 

 
 
 On July 5, 1996, a sheep named Dolly was born.  Unlike other lambs born that 

day, Dolly was special.  She was a clone–a genetic duplicate of a six-year-old sheep 

already in existence.  Dolly was not the first cloned animal, nor was she even the first 

cloned mammal.  Rather, Dolly's subsequent fame derived from the type of cell used to 

create her.  Instead of an embryo or an early developing cell – one that still held the 

potential to become any part of the body – Dolly came from the nucleus of a fully 

specialized cell using the technique of nuclear transplantation.1  Her creators used the 

nucleus of a mammary cell from one sheep to direct development of an unfertilized egg 

cell from another sheep that had had its nucleus removed, thus making a duplicate 

organism from the donor cell.2  The circumstances of her birth gained her both scientific 

and cultural fame. 

 The birth of Dolly was culturally important because it supposedly removed all 

scientific barriers to human cloning.  New York Times science writer Gina Kolata's 1998 

book, Clone: The Road to Dolly and the Path Ahead, was indicative of the type of 

coverage that the event received in the press, beginning with the first news of the birth 

that Kolata herself broke for the New York Times.3  "When the time comes to write the 

history of our age, this quiet birth, the creation of a little lamb, will stand out," Kolata 
                                                
1 The phrases "nuclear transplantation" and "nuclear transfer" are interchangeable.  Throughout the 
dissertation I use both terms to describe the same technique, just as researchers have done. 
2 I. Wilmut, et al., "Viable Offspring Derived from Fetal and Adult Mammalian Cells," Nature 385 
(February 27, 1997): 810-13. 
3 Gina Bari Kolata, Clone: The Road to Dolly, and the Path Ahead (New York: W. Morrow & Co., 1998).  
Gina Kolata, "With Cloning of a Sheep, the Ethical Ground Shifts," New York Times (February 24, 1997): 
A1 
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wrote.4   It was an event, she claimed, "that alter[ed] our very notion of what it means to 

be human."5  "The world," Kolata stated definitively, "is a different place now that she is 

born."6 

 But was it really?  The scientists behind Dolly's birth, Ian Wilmut and Keith 

Campbell, had utilized a method–nuclear transplantation–that had been around for nearly 

fifty years.  In fact, the possibility of something like nuclear transfer was envisaged by 

Hans Spemann in an 1938 paper where he descried the 'fantastical' experiment of my 

title.  The technique had initially been used with undifferentiated cells–or stem cells–in 

the 1950s to clone frogs, whose embryos were much easier to work with than that of the 

tiny size of mammalian eggs.  Cloning mammals had already occurred in the 1980s 

(again with undifferentiated cells) when the procedure had been made to work with 

mice.7  Since the 1960s, many scientists had argued that it was also theoretically possible 

to use fully specialized cell nuclei to clone an animal after embryologist John Gurdon 

claimed he had successfully cloned frogs using specialized cells from the gut.  Though 

Gurdon's results were initially disputed, the progress of molecular biology during the 

1960s and 1970s provided additional evidence in support of the idea that even fully 

matured cells contained all the necessary genetic information to be any type of cell.  All 

that was left was overcoming some of the technical challenges involved in working with 

                                                
4 Gina Kolata, Clone: The Road to Dolly and the Path Ahead, 2. 
5 Kolata, Clone: The Road to Dolly, and the Path Ahead, 2. 
6 Kolata, Clone: The Road to Dolly, and the Path Ahead, 3. 
7 See J. McGrath and D. Solter, "Nuclear Transplantation in the Mouse Embryo by Microsurgery and Cell 
Fusion," Science 220 (1983): 1300-02.  The cloning of mammals, however, was shrouded in controversy 
when an earlier paper by Karl Illmensee and P.C. Hoppe in 1981 claimed to have successfully used the 
technique in mammals, but their results could not be repeated and were later discredited. K. Illmensee and 
P.C. Hoppe, "Nuclear Transplantation in Mus musculus: Developmental Potential of Nuclei from 
Perimplantation Embryos," Cell 23 (1981): 9-18. 



 

 3 

older cells, which Gurdon had likely first done in the 1960s with frogs and which Wilmut 

and Campbell eventually solved in mammals with Dolly.  Thus, the science of nuclear 

transplantation had removed technical barriers to cloning many times in the past, but 

none of the achievements triggered the type of cultural response that Dolly's creation had.  

 Dolly's birth was not the first time, however, that nuclear transfer techniques had 

touched the public consciousness and raised the possibility of human cloning.  Of these 

public reactions prior to Wilmut and Campbell's success, however, none were as visceral 

as the reaction to Dolly in the 1990s.  Earlier public awareness did not derive from a 

moment of scientific discovery, but rather from prophetic claims about nuclear transfer's 

future.  In the late 1960s, Nobel Laureate Joshua Lederberg broached the possibility of 

human cloning in several prominent articles, including in one of his popularly syndicated 

"Science and Man" columns in the Washington Post.8  Lederberg's predictions for human 

cloning via nuclear transplantation elicited strong negative responses from a burgeoning 

community of bioethicists, including Leon Kass, the scientist-turned-ethicist who later 

chaired President George W. Bush's Council on Bioethics in 2001.  In the 1970s, human 

cloning became an even more prominent news story when David Rorvik published a 

book recounting the recent cloning of a wealthy businessman via the science of nuclear 

transfer.9  Although the story was later shown to be completely invented, Rorvik's initial 

insistence in its truth caused a popular uproar, which eventually manifested itself in a 

                                                
8 Joshua Lederberg, "Unpredictable Variety Still Rules Human Reproduction," The Washington Post, 
Saturday, September 30, 1967).  An earlier and more extensive version was published in 1966: see Joshua 
Lederberg, "Experimental Genetics and Human Evolution," The American Naturalist, Vol. 100, No. 915, 
Special One Hundredth Anniversary Year Issue (September-October 1966), 519-31. 
9 David M. Rorvik, In His Image: The Cloning of a Man (Philadelphia: Lippincott, 1978). 
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Congressional hearing on the subject.10  Clearly, the possibility that nuclear 

transplantation could lead to human cloning had not gone unnoticed before Dolly. 

 In truth, Dolly was a technological innovation even though she did not establish 

any new theoretical realities.  Thus, the experiment's success does not suffice to explain 

why Dolly's birth is now the cultural representation of the scientific technique of 

cloning.11  Given the history of the science used to create her – the fact that Dolly was 

just one new success in an episodic history of successful nuclear transplantation 

experiments – the visceral cultural reactions to her birth actually reflect the state of affairs 

in the mid-1990s, not the new scientific realities that Dolly represented.12  Therefore, I 

argue that the significance of Dolly is more tied to the cultural and social contexts in 

which she was born rather than the science that created her. 

 That reality is ultimately reflected in the way that the history of nuclear 

transplantation has been written since 1996.  Any account of the history of nuclear 

transfer has essentially had the question of "How did we get here?" as a motivating 

force–that is, how did we, as biologists or as a culture, arrive at the birth of Dolly?13  The 

                                                
10 "Developments in Cell Biology and Genetics," Hearing Before the Subcommittee on Health and the 
Environment, Ninety-Fifth Congress, "Second Session on the Area of Science Most Properly Termed 'Cell 
Biology,' 'Cloning' Being one Aspect of the General Area," May 31, 1978, Serial No. 95-105. 
11 Several scholars have offered explanations to understand this problem, though none have been 
particularly satisfactory.  For instance, Stephen Levick, "From Xenopus to Oedipus: 'Dolly,' Human 
Cloning, and Psychological and Social 'Clone-ness,' Cloning and Stem Cells 9 (2007): 33-39, says that the 
public reacts much more strongly to a sheep than a frog simply because they can "imagine petting or 
putting their arms around," and "better identify behaviorally with 'Dolly' than with an amphibian." (33). 
12 One could list off a litany of specific scientific discoveries and news headlines that might have 
contributed to a more sensitive public to issues of human cloning.  However, perhaps a more simple 
explanation concentrates not on the more advanced biomedicine of the decade, but the maturation of 
bioethics as a field and a more widespread understanding in the public of bioethical issues. 
13 Sarah Franklin, Dolly Mixtures: The Remaking of a Genealogy (Durham, NC: Duke University Press, 
2007) uses the birth of Dolly as a reference point, but not necessarily to recount the history of any 
particular science or idea.  Rather, Franklin answers the question "how did we get here?" through an 
anthropological perspective that traces the genealogy of Dolly in the larger context of sheep husbandry in 
the British Empire. Ultimately, Franklin theorizes that just as genetics has begun to remake the genealogy 
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popular accounts of Dolly's birth, such as Gina Kolata's book and the first-person 

histories written by her creators, Wilmut and Campbell, certainly display this 

characteristic.14  In a similar fashion, the historical background sections in the published 

ethical treatments of human cloning in the wake of Dolly also have at base this reference 

point.15  That perspective has obviously colored the historical understanding of the 

science, as its importance has been embedded in the success of Dolly's birth rather than 

examining and revealing its own intrinsic value.16  However, a closer look at the history 

of nuclear transplantation, free of the specter of Dolly, reveals a more complex narrative 

that incorporates institutions, ideas, actors, and events that help elucidate our 

understanding of the radical changes occurring in biology during the middle of the 

twentieth century.17 

                                                                                                                                            
of sheep, it could also have an impact for humans in the future.  As a scholar who specializes in the 
intersection of science, technology and social structures today, Franklin pays virtually no attention to the 
history of the scientific practices and ideas that led to Dolly's creation.  
14 For a first person account of Dolly's creation, see Ian Wilmut, Keith Campbell and Colin Tudge, The 
Second Creation: Dolly and the Age of Biological Control (New York: Farrar, Straus and Giroux, 2000); 
Ian Wilmut, "The 10th Anniversary of the Dolly Experiment," Cloning and Stem Cells 9 (2007): 1-2; Keith 
H. S. Campbell "Ten Years of Cloning: Questions Answered And Personal Reflections," Cloning and Stem 
Cells 9 (2007): 8-11.  Other histories of nuclear transplantation were written after Dolly's birth by early 
pioneers in the field that display similar themes: see Robert G. McKinnell and Marie Di Berardino, "The 
Biology of Cloning: History and Rationale," Bioscience 49 (Nov 1999): 875-85; John Gurdon and J. A. 
Byrne, "The First Half-Century of Nuclear Transplantation," Proceedings of the National Academy of 
Sciences 100 (July 2003): 8048-52.   
15 For examples of accounts in books discussing the ethics of cloning, see Leon Kass, Human Cloning and 
Human Dignity: The Report of the President's Council on Bioethics (New York: PublicAffairs, 2002); Paul 
Ramsey, Fabricated Man: The Ethics of Genetic Control (New Haven: Yale University Press, 1970); 
Bernard Siegel, "Reflections on The Cloning Case," Cloning and Stem Cells 9, no. 1 (April 2007): 40-46; 
Anne McLaren, ed., Cloning (Ethical Eye) (Strasbourg: Council of Europe Pub, 2002). 
16 For other examples that deal with the history of nuclear transfer but highlighting other intellectual 
problems, see, for instance, Maria Aline Salgueiro Seabra Ferreira, I Am the Other: Literary Negotiations 
of Human Cloning, (Westport, CT: Praeger, 2005); Kevin Eggan, “Dolly's Legacy: Human Nuclear 
Transplantation and Better Medicines for our Children,” Cloning and Stem Cells 9, no. 1 (2007): 21-25. 
17 It should be noted that there have been two books that have dealt with the history of nuclear 
transplantation that were written before Dolly.  One of these is Robert G. McKinnell, Cloning: A Biologist 
Reports (Minneapolis: University of Minnesota Press, 1979), which was later condensed into Cloning of 
Frogs, Mice, and Other Animals (Minneapolis: University of Minnesota Press, 1985).  McKinnell was an 
early pioneer in the field, and he wrote the book in response to the public's lack of understanding of nuclear 
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 Nuclear transplantation is simply a scientific technique.  In and of itself, it is 

nothing more than the micro-manipulation of cellular parts, not even requiring highly 

sophisticated equipment to carry out the procedure.18  However, any technique, nuclear 

transplantation or other, encompasses more than just a list of instructions and 

components.  For historians of science and technology, a technique offers a lens into the 

past that can provide a new perspective into the workings of science, its practitioners, and 

broader society.  Techniques are not self-generating: individuals develop them, use them, 

and deploy them in many different ways.  By decomposing and studying techniques and 

understanding how they were shaped and how they shaped the world, historians gain 

insights about science that might have otherwise been overlooked in narratives that 

privilege theory, institutions, disciplines, or actors.19  One way to deconstruct techniques 

                                                                                                                                            
transplantation in the late 1970s after Peter Rorvik published his book claiming human cloning had 
occurred.  Years later, in the same year that Dolly was born (though it had already been sent to the press at 
the time of Dolly's birth), Marie A. Di Berardino published a large survey and analysis of the scientific 
literature that contributed to the current understanding of the genomic potential of specialized cells, to 
which nuclear transplantation contributed heavily.  The book has some chronological narrative, though it 
often deals with the progressive understanding of individual problems under the scope of the larger 
question rather than showing how scientific thinking evolved on the subject over time.  As a significant 
actor in the early development of the technique, Di Berardino does provide unique insight into the history 
of nuclear transplantation, but ultimately the book is better characterized as an extensive review of the field 
rather than a historical examination of it. See Marie Di Berardino, Genomic Potential of Differentiated 
Cells (New York: Columbia University Press, 1997). 
18 In a basic sketch of the technique, a scientist manually manipulates fine glass needles and syringes to 
remove the nuclei from both the donor cells and the recipient eggs before inserting the donor nuclei into the 
enucleated eggs.  The glass instruments are connected to a micromanipulator, a device that includes a 
microscope, a light, and a small foot pedal to work the syringe.  John Gurdon, whose work in the early 
1960s was pioneering in the field of nuclear transplantation, still uses the same manipulator today in his 
experiments. 
19 Studies into the history of technique are derived from a larger emphasis since the 1980s on privileging 
material culture in the history of science.  Early adopters of this perspective were often focused on physics, 
such as Sharon Traweek, Beamtimes and Lifetimes: The World of High Energy Physicists (Cambridge, 
MA: Harvard University Press, 1988) and Peter Galison's "Bubble Chambers and the Experimental 
Workplace," in Observation, Experiment, and Hypothesis in Modern Physical Science, ed. Peter Achinstein 
and Owen Hannaway (Cambridge, MA: The MIT Press, 1985): 309-373.  In the history of biology, Robert 
Kohler's Lords of the Fly: Drosophila Genetics and the Experimental Life (Chicago: University of 
Chicago Press, 1994) represented a significant intervention into the history of twentieth century biology 
using an emphasis on scientific practice and material culture.  A multitude of studies have followed since.  
A focus on the materials of science, however, can also be interpreted as social analysis of scientific practice 
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to provide useful historical analysis is to concentrate on the development of the 

technique, how it was used, and where it was deployed.20  

 Nuclear transplantation offers an ideal example of the power of using technique as 

a lens for understanding the history of science.  By looking at its development in the late 

1940s, its initial uses and dissemination, and how it later became culturally associated 

with the idea of human cloning in the 1960s, a narrative emerges of nuclear 

transplantation that connects otherwise disparate aspects of science and culture. 

 As they are developed, techniques are imbued with motivations and ideas that 

reflect a variety of forces.  Their creators build in concepts through the approaches they 

use in development that can be traced to both practical and theoretical convictions as well 

as disciplinary and institutional motivations.  In my research, I find that by dissecting a 

technique, not into its component physical parts, but into the motivations and approaches 

that gave birth to it, one can gain new perspectives on how science develops through the 

interactions of institutional goals, disciplinary trajectories, and theoretical 

commitments.21 

                                                                                                                                            
as in Bruno Latour's Science in Action: How to Follow Scientists and Engineers through Society 
(Cambridge, MA: Harvard University Press, 1987).  In Latour's work, scientific practice is deconstructed to 
understand the way in which facts are created, and it privileges the social elements at work.  My work 
follows the lead of Kohler much more than Latour, as I see science as having an empirical validity that is 
not totally dependent on the social structures at work in the practice of science.      
20 One could probably think of several different ways in which a technique could be broken down, the three 
that I have chosen here are my own. Though historians of science have not focused too much on 
decomposing techniques specifically, some have focused on experiments in general. For examples, see 
Hans-Jörg Rheinberger, Toward a History of Epistemic Things: Synthesizing Proteins in the Test Tube 
(Palo Alto, CA.: Stanford University Press, 1997); Nicolas Rasmussen, "Mitochondrial Structure and the 
Practice of Cell Biology in the 1950s," Journal of the History of Biology 28 (1995): 381-429; Ilana Löwy, 
“Experimental Systems and Clinical Practices: Tumor Immunology and Cancer Immunotherapy, 1895-
1980,” Journal of the History of Biology 27 (1994): 403-35; Peter Keating and Alberto Cambrosio, 
Biomedical Platforms: Realigning the Normal and the Pathological in Late-Twentieth-Century Medicine 
(Cambridge, MA: MIT Press, 2003). 
21 Focusing on prenatal diagnoses and genetic screening, Ruth Schwartz Cowan, Heredity and Hope: The 
Case for Genetic Screening (Cambridge, Mass.: Harvard University Press, 2008), similarly shows how 
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 In 1952, Robert Briggs and Thomas King carried out the first successful nuclear 

transfer at Lankenau Hospital Research Institute (LHRI).22  To understand how and why 

nuclear transplantation developed when and where it did, the institutional and 

disciplinary contexts leading up to its development need to be established.  Thus, the first 

chapter of this dissertation examines the creation of the Lankenau Hospital Research 

Institute in 1925 and its rise to prominence over the subsequent decades.  Cancer research 

occupied the main thrust of the institute's mission.  In particular, its researchers sought to 

understand cancer through basic research on the study of growth, both normal and 

abnormal.  LHRI's problem-centered approach played a prominent role in the 

development of the technique, which brought together scientists from different 

disciplines in its quest to solve common problems.  Consequently, cancer research would 

continually play a role in nuclear transplantation studies throughout their early history.  

As a byproduct of focusing on the institutional forces at work in the development of 

nuclear transplantation, one can also see the influence of LHRI and cancer on the 

disciplinary formation of developmental biology as a field related to, but not wholly 

defined as, embryology. 

 Chapter two focuses on the particular people and specific concepts involved in the 

development of the first nuclear transplantation techniques.  Mostly, the chapter follows 

the career of Robert Briggs, whose work fit well within the goals and directions of LHRI 

when he was hired in 1943.  However, I also explore the role of fellow contributors such 

                                                                                                                                            
techniques can be understood as technological systems (either alone or a part of a larger system) and 
contain the type of motivations I also describe.  For a larger discussion of technological systems see, 
Thomas Hughes, Networks of Power: Electrification of Western Society, 1880-1930 (Baltimore: Johns 
Hopkins Press, 1983). 
22 Robert Briggs and Thomas J. King, "Transplantation of Living Nuclei from Blastula Cells into 
Enucleated Frogs' Eggs," Proceedings of the National Academy of Sciences 38 (May 15,1952): 455-463. 
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as Jack Schultz, a geneticist whose background helps illustrate the conflict between 

embryology and genetics during the middle of the twentieth century.  The chapter 

illuminates the motivations and intellectual reasoning behind the first nuclear 

transplantation efforts and also explores attempts by others to carry out nuclear transfer 

research.  The multiple efforts during the 1940s illustrate how the same technique can 

derive from different intellectual, institutional, and methodological contexts.  In focusing 

on the motivations behind the technique, chapter two also intervenes in the traditional 

narrative of nuclear transplantation's place in the history of science.  A direct focus on the 

development of nuclear transplantation research in the 1940s demonstrates how the 

technique was related more to contemporaneous debates occurring between geneticists 

and embryologists than to any outstanding questions from the previous century. 

 Once developed, techniques are employed to do scientific work.  When looking at 

how a technique is used, new insights emerge that shed light on the practice of science.  

For instance, with a new technique, scientists often have to explore the limits of what the 

new method can tell them about the world.  To scientists, techniques are themselves 

lenses to understand nature.  However, they understand that each technique allows them 

to see only specific parts of the world and can often skew what they are seeing.  Knowing 

that, scientists have to negotiate the boundaries in which new techniques can be applied 

and agree on the facts that can be derived from the techniques.23      

                                                
23 For discussions concerning the negotiations of how new scientific technologies are applied, see Nicholas 
Rasmussen, Picture Control: The Electron Microscope and the Transformation of Biology in America, 
1940-1960 (Stanford University Press, 1999).  Though Rasmussen concentrates on the electron microscope, 
his perspective can also be expanded to include techniques, in general.  For more philosophical discussions 
concerning the problem, see William Bechtel, “Scientific Evidence: Creating and Evaluating Experimental 
Instruments and Research Techniques,” PSA: Proceedings of the Biennial Meeting of the Philosophy of 
Science Association 1990 (1990): 559-72; William Bechtel “Deciding on the Data: Epistemological 
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 An analysis of how techniques are used can also provide insights into scientific 

controversies.  Often, when developers first implement their new technique it reflects the 

forces that went into its creation.  But what happens when the technique proliferates and 

moves into new laboratories and is employed by different groups?  Since these new 

groups of scientists did not develop the technique, their predilections can be difficult to 

assess.  However, focusing on the technique's application in the new group offers a way 

to see differences among the scientists.  One group may use the technique for different 

purposes, or the technique may occupy a different role in the experiment altogether.  In 

some cases, using the technique as a lens helps historians understand the varied factors at 

work in competing conclusions.  If the technique is being used the same way in each 

experiment, but different interpretations of the data result, what are the other variables 

that led to this difference?  In short, the technique offers a way to stabilize the equation, 

giving the historian a common denominator to see where differences emerge in scientific 

controversies. 

 Chapter two ends with the initial success of Briggs and King in 1952.  In Chapter 

three I continue the narrative, concentrating on the research program developed by Briggs 

and King in the subsequent years.  They, along with a small team of researchers at LHRI, 

methodically applied the technique in a series of experiments designed to answer a 

central question in biology at that time – does the nucleus retain its full genomic potential 

throughout development?  By 1956, Briggs and his team decisively answered no.  

However, as the technique proliferated from laboratory to laboratory in the United States 

and internationally, more scientists began to explore its usefulness and repeat many of the 
                                                                                                                                            
Problems Surrounding Instruments and Research Techniques in Cell Biology,” PSA: Proceedings of the 
Biennial Meeting of the Philosophy of Science Association 1994 (1994): 167-78. 
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seminal experiments.  In the late 1950s and early 1960s, an Oxford University graduate 

student named John Gurdon began to work with nuclear transfer techniques and soon 

produced similar results to that of Briggs and King.  Gurdon, however, interpreted the 

work radically differently, claiming, contrary to Briggs and King, that nuclei from mature 

cells did indeed retain the full potential of the entire genome.   

The controversy reveals several important issues in the history of science.  First, a 

focus on the technique shows how scientists sought to negotiate what nuclear 

transplantation could or could not say about the world.  In the first years of their research 

program, Briggs, King, and fellow LHRI researchers attempted to understand what 

claims one could make using the technique.  As nuclear transfer became slightly altered 

and employed differently during its proliferation, others formed their own opinions about 

the limits and applications of the technique.  In the late 1950s, Gurdon specifically saw 

positive results where others like Briggs and King only saw experimental artifacts.  The 

conflict that ensued focused on the claims that could be made using nuclear transfer.  In a 

related issue, the controversy over interpretations illustrates a case of what philosophers 

of science have called underdetermination of phenomena; or the idea that many different 

theoretical interpretations can exist to govern the same set of data.  At the end of chapter 

three, I explore exactly how the scientific disputes between the interpretations of Briggs 

and Gurdon, and particularly the role of the technique itself, can act as a case study for 

this philosophical problem. 

 Finally, techniques are also deployed in different contexts – national, institutional, 

and technological, among others.  Though a technique may be developed to answer 

questions in one area, other researchers may find that it also helps elucidate problems in a 
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different field.  Sometimes these fields may be distinct, whereas other situations may be 

nearly indistinguishable.  Focusing on the technique itself gives the historian a reference 

point in which to see the contextual changes occur.24  Though these contextual changes 

often have scientific roots, there are times when sociological or cultural forces are the 

responsible motivating forces.  In these periods of cultural shift, the historian can identify 

the concepts and definitions that change, often to the technique itself. 

 Chapter four explores how nuclear transplantation moved from a laboratory 

controversy in 1962 to an ethical controversy over the possibility of human cloning by 

1968.  To understand how this occurred, chapter four narrates how several different 

cultural forces, all of which rose to prominence in the early 1960s, prompted scientists to 

co-opt nuclear transplantation as both an example of scientific possibilities and as a tool 

for creating further discussion.  In particular, chapter four emphasizes the role of Nobel 

Laureate Joshua Lederberg in this process.  Lederberg's biography highlights the 

optimistic and revolutionary attitudes associated with the meteoric rise of molecular 

biology in the 1950s.  However, the optimism of molecular biologists was contrasted 

with rising fears of overpopulation and the deleterious effects of atomic radiation.  These 

concerns, among others, combined to initiate new rounds of eugenic discourse, some of 

which anticipated the coming of genetic engineering as a panacea to many of the 

problems associated with overpopulation and deteriorating human health.  Nuclear 

transplantation first became linked to the idea of human cloning as a result of the 

predictions of what genetic engineering might accomplish in the future.  The earliest of 

                                                
24 This perspective can be adapted from Hans-Jörg Rheinberger, Toward a History of Epistemic Things: 
Synthesizing Proteins in the Test Tube, where he seeks to recover the open-endedness of experiments by 
analyzing experimental systems.  In effect, Rheinberger's goals can also be seen as using experiments (or 
techniques) as focal points for contextualization. 
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these conversations occurred in smaller symposiums, outside the larger public sphere.  In 

the end, it was Lederberg's convictions about initiating a larger democratic conversation 

about the future implications of biological research that caused human cloning to become 

associated with nuclear transplantation among the wider public.  This episode in the 

history of nuclear transfer illustrates how the understanding of science – in this case the 

technique of nuclear transplantation – is highly context-dependent, contingent upon how 

the science is conveyed and to what service it is employed.  In the shift of contexts, the 

technique of nuclear transplantation became associated with new meaning and new 

potential, which become readily apparent in my analysis of the technique over time.  

Ultimately, Chapter four, in particular, gives us insight into the events of the 1990s 

surrounding Dolly's birth, since they shared a similar narrative.   

What links all these stories, from the focus of 1930s cancer research in chapter 

one to the discussion of 1960s eugenics in chapter four, is a focus on the technique.  

There have been other histories of nuclear transplantation that have focused on just one 

aspect.25  For instance, Marie Di Berardino, one of the original nuclear transplantation 

developers, wrote a history that thoroughly chronicles the evolution of nuclear transfer, 

focusing specifically on one of the main scientific questions the technique has been used 

to answer.  Looking as far back as the mid-nineteenth century, Di Berardino cataloged the 

progress that each scientist made along the way towards understanding the potential of 

the nucleus in fully specialized cells.  Nuclear transplantation has been the most 

                                                
25 Jane Maienschein, Whose View Of Life? Embryos, Cloning, and Stem Cells (Cambridge, MA: Harvard 
University Press, 2003) also includes a brief history of nuclear transplantation; however, her narrative of 
the events is embedded within a larger question of how science has contributed to the definition of life.  
Thus, the history of nuclear transplantation in her story highlights the motivations of the scientists and how 
these motivations relate to current perceptions of their work.    
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important tool in this quest, and the progressive path of its research is detailed within the 

pages of her book.  However, it is because the focus is on a particular scientific question 

that nuclear transplantation becomes the main character in the narrative.  On the other 

hand, if the technique itself is the focal point of the history, new characters, events, and 

ideas emerge that previously had been both unaccounted for and disconnected.  This 

history, which crosses institutional, intellectual, philosophical and cultural boundaries, 

links these seemingly disparate narratives. 
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Chapter One 
 

A Research Program Takes Shape: The Founding and Development of 
Lankenau Hospital Research Institute, 1925-1942 

 
 
 On April 23, 1925, noted surgeon John B. Deaver broke a bottle of Fehling's 

solution over a laboratory bench in dedication to the new research building at Lankenau 

Hospital in Philadelphia.1  The use of the Fehling's solution, a chemical used in sugar 

detection tests, rather than the traditional bottle of champagne, represented the new 

building's intended purposes.  Not merely designed to supplement the growing clinical 

needs of the hospital, the new building was intended to provide substantial facilities for 

basic research.  The administration of Lankenau Hospital placed Stanley Reimann in 

charge of their new research facility.  Reimann, a 34-year old pathologist, had been 

conducting basic research on the side in a small laboratory above the hospital's morgue 

for over a year.  Reimann worked hard over the next few decades to develop the new 

Lankenau Institute as a prominent basic research institution that focused on the 

biochemical, physical, developmental, and molecular aspects of medicine – in particular, 

of cancer.  The new building was first known as the Lankenau Hospital Research Institute 

(LHRI), later adding the Institute for Cancer Research (ICR) in 1944.  The institute is 

known today as the Fox Chase Cancer Center.   

In 1951, LHRI would be home to the first successful nuclear transplantation 

experiments on metazoans.  Their experimental technique underpins our cultural 

                                                
1 Stanley Reimann, Notes on the History of Lankenau Hospital Research Institute, TMs, Box "Reimann, 
Stanley, Folder "History Dictatron", Fox Chase Cancer Center Archives, Fox Chase, PA. Also quoted in 
Elizabeth Knight Patterson's "Growth – The Early History of a Cancer Research Institute: 1927-1957 
[1984]," TMs (photocopy), Fox Chase Cancer Center Archives, Fox Chase, PA: 5. 
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understanding of cloning and is one driver of public anxieties over biologists' 

experimental boundaries.  LHRI and its mission – to understand cancer through the study 

of growth and development, both normal and abnormal – played an important and 

instrumental role in the development of nuclear transplantation. 

 Although the Lankenau Hospital was but one context among many in which 

nuclear transfer developed, the early history of this institute illuminates perhaps the most 

important historical threads involved in the eventual development of the technique.  In 

this chapter, I describe the creation of the Lankenau Hospital Research Institute in the 

1920s and highlight the roles of its founder, Stanley Reimann, and its first scientific 

director, Frederick Hammett.  Reimann and Hammett were instrumental not only in 

creating an identity for the hospital but also played an important role in facilitating early 

scientific communities surrounding the fields of developmental biology and cancer 

research.  To illuminate the importance and uniqueness of the institute, I also examine the 

history of cancer research, enriching the context surrounding the creation and 

development of LHRI and detailing how the institute became a significant part of the 

cancer community in the decades following its inception.  This chapter also recasts the 

traditional interpretation of the history of developmental biology, particularly the 

influence of its early founders and the integral role that cancer research played in the 

emergence of developmental biology as a distinct field.   

From the beginning, LHRI emphasized a problem-centered approach to its 

research, drawing on a pluralistic set of methodologies rather than adhering to a core 

vision of how to understand cancer.  This emphasis contrasted with contemporary cancer 

research, and it later became integral in the motivations for developing the technique of 
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nuclear transfer.  Reimann and Hammett found methodological acceptance by creating 

their own society to circumvent the problem of disciplinary orthodoxy.  The 

methodological ideals and cancer-focused goals were embedded in LHRI's community 

and played a direct role in hiring and the development of research programs.  Thus, the 

story of LHRI demonstrates how the study of cancer, the study of growth, and the field of 

developmental biology converged in the early 1940s to create the context in which the 

first successful nuclear transplantation experiments were conducted. 

 

Stanley Reimann and the Creation of LHRI 

 Stanley Reimann was born on October 13, 1891 in Philadelphia, a city in which, 

other than several years early in his career, he would spend his entire life.2  After 

obtaining a medical degree from the University of Pennsylvania in 1913, Reimann 

followed the advice of his father, also a doctor, and became a pathologist.  Reimann spent 

several years in Cleveland working and teaching at Western Reserve Medical School, 

after which he returned to Philadelphia in 1917. There, he became the pathologist for 

Lankenau Hospital and a part-time instructor at his alma mater, the University of 

Pennsylvania. 

 Upon taking the Lankenau job, Reimann was promised that Lankenau Hospital 

would one day create a research laboratory dedicated to the fundamental sciences 

underlying medicine.3  As a pathologist, Reimann had strong feelings about the 

relationship between basic sciences and medicine.  "Medicine is a branch of biology," 

                                                
2 Elizabeth K. Patterson, "Growth – The Early History of a Cancer Research Institute: 1927-1957. [1984]" 
TMs (photocopy), Fox Chase Cancer Center Archives, Fox Chase, PA: 2-5. 
3 Patterson, "Growth," 3.  It is unclear as to whom made the promise. 
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Reimann reflected in his personal history of the LHRI, "and…it is really applied biology 

and…all discoveries in medicine must be related to general biological principles." 

Reimann not only believed in a reduction of medicine to biology, but also viewed many 

of the sciences in similar fashion, noting that "chemistry is being introduced into 

biology…physics is being introduced into chemistry and mathematics more and more 

into physics." "Control over phenomena," Reimann believed, "is best attained by the 

understanding of the underlying chemistry and physics of processes."4  These ideas 

would become foundational in his later quest to understand cancer, particularly his 

penchant for concentrating on process over cause and eschewing holistic explanations. 

Many of Reimann's ideas about the importance of basic sciences to medicine 

came out of his training as a pathologist.  By the early twentieth century when Reimann 

was completing medical school, pathologists had thoroughly adopted the scientific 

approach to medicine pioneered by German biologists in the nineteenth century.5  In the 

early 1800s, the experimental physiologist Johannes Müller ushered in a new way of 

understanding disease.  His focus on applying the laboratory sciences to medicine were 

extremely influential, with his methods and perspectives championed by his students 

Theodore Schwann and Rudolf Virchow later in the century.  Virchow, in particular, 

made great contributions to medicine and pathology by establishing the cell as a 

fundamental unit of study, not just for biologists, but also for physicians looking to 

                                                
4 All quotations in this paragraph are from Reimann, "A History," quoted in Patterson, "Growth," 3. 
5 For histories discussing the rise of scientific medicine, see W.F. Bynum, "The Rise of Science in 
Medicine, 1850-1913" in Bynum et al., The Western Medical Tradition, 1800-1900 (Cambridge: 
Cambridge University Press, 2006); John Harley Warner, "Ideals of Science and their Discontents in Late 
Nineteenth-Century American Medicine," Isis 82 (September 1991), 454-478.  See also the March 2011 
issue of Isis, which has a special section on the role of science in medicine. 
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understand disease.6  Reimann trained as a general physician at the University of 

Pennsylvania, and its medical school was one of the leaders in medical specialization 

(and specifically pathology) at that time, which was certainly influential in his intellectual 

and professional commitments.7  After medical school, Reimann interned as a pathologist 

under Howard T. Karsner at Western Reserve Medical School.  Karsner was an early 

pioneer in experimental pathology techniques that applied rigorous scientific reasoning 

and basic biology and chemistry methods to study pathological problems in non-human 

subjects.8  Reimann embraced the type of pathology practiced by Karsner and other 

leading experimental pathologists. 

 Though Reimann spent ten years at Lankenau Hospital before a proper research 

facility was built, he was nonetheless able to conduct basic scientific research on a 

limited basis.  Provided with a small room several floors above the morgue, Reimann 

conducted various experiments on topics ranging from cholesterol studies, to blood 

                                                
6 Robert E. Fechner, "The Birth and Evolution of American Surgical Pathology," in Guiding the Surgeon's 
Hand: A History of Surgical Pathology, Juan Rosai, ed., (Washington, D.C.: American Registry of 
Pathology, 1997): 13 
7 Reimann specialized in pathology during an early period of medical specialization, though specialization 
had been accepted as beneficial for the profession overall by that point.  Philadelphia as a whole was an 
early adopter of medical specialties, with the University of Pennsylvania having six professors in clinical 
specialties by 1885, far more than any other U.S. medical institution.  Medical specialization, in general, 
had only truly begun to occur in the mid-nineteenth century, beginning mostly in Europe.  For a history of 
medical specialization in the United States in comparison to other countries, see George Weisz, Divide and 
Conquer: A Comparative History of Medical Specialization (Oxford: Oxford University Press, 2006).  For 
pathology, in particular, Simon Flexner established a department of pathology at the turn of the century in 
the medical school that gained a strong reputation.  In 1910, the University of Pennsylvania also created 
what was essentially an experimental pathology department as well, making pathology a significant 
strength of the medical school in general.  For a history of pathology in America, see Esmond R. Long, A 
History of American Pathology (Springfield, Ill; Thomas, 1962).  For other histories of pathology see 
Russell C. Maulitz, Morbid Appearances: The Anatomy of Pathology in the Early Nineteenth Century 
(Cambridge: Cambridge University Press, 1987); Caroline Hannaway and Ann La Berge, eds., 
Constructing Paris Medicine (Atlanta: Rodopi, 1998). 
8 Alan R. Moritz, "Howard T. Karsner, 1879-1970," American Journal of Pathology 62 (January 1971): 3-
5.  Karsner himself was a graduate of the pathology department at the University of Pennsylvania Medical 
School.  He would later serve as President of the American Society for Experimental Pathology. 



 

 20 

attributes, to the effects of uranium on humans.9  However, as the hospital's pathologist, a 

significant portion of Reimann's work consisted of diagnosing cancer, identifying its 

stage, and analyzing tissue samples.10  Therefore, at Lankenau Hospital Reimann gained 

a keen awareness of the current knowledge surrounding cancer research, not only from 

the clinical perspective but also what the basic sciences could answer about the disease.  

After nearly a decade at the hospital, Reimann's dedication to basic research and clinical 

pathology placed him in an ideal position to create and successfully direct the new 

research facility created at the hospital. 

In 1923, the Lankenau Hospital administrators began courting Rodman 

Wanamaker, owner of the local Wanamaker Department stores, for help in expanding the 

hospital's operations.  With entreaties from his persuasive personal physician, Harvey 

Shoemaker, who also happened to be chief of medicine at Lankenau Hospital, 

Wanamaker agreed to finance the construction of a new research facility on the hospital 

grounds.11  In 1925, the building was dedicated and its first floor clinical center was fully 

operational.  However, the basic research facilities would not be completely furnished 

until 1927, the year of Wanamaker's death. 

                                                
9 For examples, see the papers that Reimann published in 1918 alone. Howard T. Karsner and Stanley 
Reimann, "Studies of Uranium Poisoning," Journal of Medical Research 39 (1918): 157-161; Stanley 
Reimann and J.A.H. Magoun, "The Cholesterol Content of the Blood in Gall-stone Disease," Surgery, 
Gynecology and Obstetrics 26 (March 1918): 282; Stanley Reimann and George H. Bloom, "The 
Decreased Plasma Bicarbonate During Anesthesia and Its Cause. A Report of Plasma CO2, Blood and 
Urine Ketone, and Blood Catalase Analyses in Operative Patients," Journal of Biological Chemistry 36 
(1918): 211-27.  
10 Robert E. Fechner, "The Birth and Evolution of American Surgical Pathology," 15 
11 Patterson, "Growth," 4. 
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Scientific laboratories in hospitals were not necessarily new in 1925, but they 

were not ubiquitous by any means.12  Such facilities were extremely rare until the 1890s, 

and even then they were small and limited.  The first significant laboratory was the 

William Pepper Laboratory of Clinical Medicine (also located in Philadelphia), which 

drew the design of its facilities from basic science laboratories such as those of 

physiology, chemistry, and pharmacology.  Historians have made a distinction between 

the hospital laboratory, which conducted analysis on relevant hospital material (tissues, 

bodily fluids, etc), and the research laboratory, which conducted basic scientific 

experiments with fewer immediate benefits, but with the potential for future 

transformative medical applications.  Even during the hospital building boom of the turn 

of the century, the more practical hospital laboratories were constructed in favor of the 

research model.13  The Lankenau Research Institute held both a hospital laboratory and a 

research laboratory, although the significant facility for this history is the research 

laboratory.  During the first two years of the new building's existence (1925-1927), only 

                                                
12 For a discussion of the growth and evolution of hospitals in the nineteenth and early twentieth centuries, 
see Charles E. Rosenberg, The Care of Strangers: The Rise of America's Hospital System (New York: 
Basic Books, Inc., 1987). 
13 The split between hospital and research laboratories in the decades surrounding the turn of the century 
reflected the larger tensions of the role of laboratory-based medicine in the changing medical landscape of 
the time.  Though scientific and laboratory based medicine had become seen as an integral part of medical 
training, there was still considerable tension between medical practitioners and the growing segment of 
medical researchers concerning the ultimate usefulness of laboratory work in the treatment of patients.  For 
discussions that highlight these tensions in various aspect of medicine during this time see Charles E. 
Rosenberg, "The Therapeutic Revolution: Medicine, Meaning, and Social Change in Nineteenth-Century 
America;" Robert E. Kohler, "Medical Reform and Biomedical Science: Biochemistry—A Case Study;" 
Gerald L. Geison, "Divided We Stand: Physiologists and Clinicians in the American Context;" Russell C. 
Maulitz, "'Physician vesus Bacteriologist': The Ideology of Science in Clinical Medicine;" in The 
Therapeutic Revolution: Essays in the Social History of American Medicine edited by Morris J. Vogel and 
Charles E. Rosenberg (Philadelphia: University of Pennsylvania Press, 1979).  
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the hospital laboratory was in operation, but that section would later only occupy about 

1/6 of the resources of the Institute.14 

 Before the laboratory was completed at Lankenau Hospital, Reimann and other 

Lankenau officials needed to make an important decision about the goals of the research 

facility.  Should it seek to conduct basic research on a broad set of topics?  Or, should the 

new institute seek to investigate one central problem through a diverse set of disciplines 

and techniques?  For Reimann, the answer was clear – the new institute should 

investigate a central problem from a variety of perspectives, and that problem should be 

cancer.15  Reimann's familiarity with the ravages of cancer, and, in particular, the lack of 

real knowledge about the disease, pushed him to make it the institute's focus.  Moreover, 

Reimann's father, a general practitioner in the Philadelphia area for fifty-six years, had 

always been particularly fascinated with the problems of cancer and for many years had 

urged Reimann to investigate the chemical nature of the disease.16  Frederick Hammett, a 

local biochemist at the Wistar Institute, and a future colleague, also had a profound 

influence on Reimann's decision to focus on cancer.   

A Harvard-trained biochemist, Hammett had held various academic and industrial 

appointments before landing as a fellow at the Wistar Institute in 1920.17  By that time, 

                                                
14 For more discussions of the growth of laboratories in hospitals, see Lester S. King, Transformations in 
American Medicine: From Benjamin Rush to William Osler (Baltimore: Johns Hopkins University Press, 
1991): 220-222. 
15 Patterson, "Growth," 6. 
16 Reimann, Stanley, "[Untitled]," Growth 14, no. 4 (1950): Introductory materials. Reimann noted that at 
the time that he accepted his appointment at Lankenau Hospital, the chemical approach was considered a 
strong "basis for an attack on cancer," which he noted was also true at the time he wrote this piece in 1950.  
The idea that chemistry offered a powerful new tool for medicine was a very popular sentiment in the 
1910s with the rise of scientific medicine at the turn of the century, particularly with the younger 
generation of physicians.  For more information about the rise of scientific medicine see note 5. 
17 Patterson, "Growth," Appendix A, "Hammett, 1927", A-3. In 1921, Hammett would become a full-time 
staff member of the Wistar Institute. 
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the Wistar Institute had become one of the premier biomedical research institutes in the 

country.18  Reimann had met Hammett shortly thereafter when Hammett presented a 

paper at the Pathological Society of Philadelphia on pH.19  Hammett and Reimann 

immediately hit it off, and Reimann recalled that in a later conversation to discuss the 

paper in more detail, their conversation quickly turned from the intricacies of pH to the 

problem of cancer.20  Hammett suggested that Reimann push to gather a group of 

scientists at Lankenau to investigate this problem, a proposal that would come to fruition 

a few years later.  The research, Hammett suggested, should be focused on the idea of 

growth, both normal and abnormal.  Reimann remembered that "it was agreed that the 

control for comparison necessary for a study of cancer were the facts, theories, and 

hypotheses of normal growth and development."21  It was important to Reimann and 

Hammett that both normal and abnormal growth be studied.  They felt strongly that the 

abnormal could be properly understood only when the normal had been appropriately 

defined.  For instance, how could one postulate a cellular control malfunction in a cancer 

cell when many of those mechanisms were improperly understood in normal cells?   

With the completion of the new research building at Lankenau in 1927, Reimann 

and Hammett's plans were put into action.  After it became fully outfitted for research, 

Reimann was named "Founder and Director" of what was named the Lankenau Hospital 

Research Institute and quickly appointed Frederick Hammett to be the scientific 

                                                
18 The Wistar Institute, "History," accessed December 9, 2010 
http://www.wistar.org/about_wistar/history.html 
19 The pH scale had only recently been proposed by a Swedish chemist in 1909.  See S.P.L. Sörenson, 
"Enzyme Studies II. The Measurement and Meaning of Hydrogen Ion Concentration in Enzymatic 
Processes," Biochemische Zeitschrift, 21 (1909): 131-200. 
20 Stanley Reimann, "[Untitled]," Growth 14, no. 4 (1950): Introductory materials. 
21 Stanley Reimann, "[Untitled]," Introductory materials. 
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director.22  Together, their pursuit of a greater understanding of cell mechanisms for the 

larger purpose of understanding cancer would create an environment in which basic 

science and cancer research were intimately connected and indeed, nearly impossible to 

distinguish.  Reimann and Hammett later hired biologists who had as much interest in 

gaining insights into normal cellular functions as they were in understanding how cancer 

developed out of disrupted mechanisms.  Reimann and Hammett's emphasis allowed 

scientists to develop research programs that had potential to do both, rather than purely 

concentrating on one or the other.  The research programs surrounding nuclear 

transplantation in the 1940s reflected this dual-purpose mentality.  In 1927, however, 

Reimann and Hammett's approach to cancer significantly differed from most other cancer 

researchers.  

 

The Cancer Problem 

 With the idea of cancer in mind, Hammett's first research program at the new 

institute was designed to understand the chemical factors involved with cell division.23  

Surprisingly to the men and women working at the general hospital, all of Hammett's 

early experiments involved rather ordinary, everyday plants: peas and onion roots, for 

instance.24  Reimann remembered that "both of us can still hear their snorts of derision 

and even remember many of the wise cracks when we met them at lunch or in other 

places around the hospital, but Fred Hammett insisted this was the correct way."25  

Hammett would say, "Naturally, I can use any living thing for this study, because all 
                                                
22 Patterson, "Growth," 13. 
23 Reimann, "[Untitled]," introductory materials. 
24 Hugh J. Creech, "Obituary, Stanley Philip Reimann, 1891-1968," Cancer Research 28 (1968):807-09. 
25 Reimann, "[Untitled]," introductory materials. 
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living things–at least most of them–have cells which divide by mitosis."26  Reimann 

confessed that his Lankenau Hospital colleagues were not the only ones to scoff at 

Hammett's early work.  When the two men presented their work at cancer research 

conferences or meetings of pathologists, Reimann said, "We were met with raised 

eyebrows, wise cracks and the general statement, 'if you want to do cancer research, why 

in the world don't you work with cancers?'"27 

While Reimann and Hammett insisted that the best way to approach the problem 

of cancer was through a study of cellular development, this perspective was not 

consistent with the mainstream opinion of the medical community.  Those who were not 

focused entirely on the treatment of the disease concentrated on cancer's etiology.28  

Clearly, they thought, cancer had an underlying natural cause.29  Reimann and Hammett, 

on the other hand, were working on a different project.  Instead of searching for the 

singular cause of cancer, they sought to understand the mechanisms by which cancer 

functioned in the context of growth and development.  Thus, Reimann and Hammett 

                                                
26 Reimann, "[Untitled]," introductory materials. 
27 Reimann, "[Untitled]," introductory materials. 
28 Historians of cancer have often, explicitly or implicitly, divided conversations about cancer in the 
twentieth century between discussions about treatment and those on the scientific investigations of the 
disease.  Historical focuses on treatment highlight how physicians and surgeons attempted to ameliorate or 
cure the cancers.  For example, at the turn of the century surgeons had begun to develop more radical 
methods of tumor extraction that offered higher survival rates than any previous cancer 'cures.' By the early 
1900s, surgeons and physicians had gained a substantial amount of experience in treating cancers, and they 
generally could conclude that if the disease was caught early, when it was still very locally defined, then 
there was a higher rate of success in treating it.  These conclusions ushered in an era of early detection 
campaigns built by a wave of non-profit organizations created specifically to help in the fight against 
cancer.  See Patrice Pinell, "Cancer," in Medicine in the Twentieth Century, ed. Roger Cooter and David 
Pickstone, (Amsterdam: Harwood Academic Publishers, 2000): 672.  In the late 1800s, along with surgery, 
Marie Curie's newly discovered element of radium was also found to be useful in treating some types of 
cancer.  From then until after World War II, when chemotherapy and cyclotrons helped create an era of 
"big biomedicine," cancer therapies concentrated mainly on the applicability of x-rays and radium.  See 
Robert Bud, "Strategy in American Cancer Research After World War II: A Case Study," Social Studies of 
Science 8 (November 1978): 425-459. 
29 K. Coddell Carter, The Rise of Causal Concepts of Disease: Case Histories (Hants: Ashgate, 2003) 
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shunned the mono-casual program of contemporary cancer research to concentrate on 

related biological pathways that could shed light on cancer.  This approach was not only 

at odds with the focus of cancer research in the 1920s, but with the long history of cancer 

research itself. 

 Cancer spans nearly the entire human written record, with descriptions of tumors 

dating back to the early Egyptians.30  Hippocrates, the so-called patron saint of the 

medical profession, created the word for cancer (carcinoma), a term derived from the 

word karkinos, or crab, which reflects the crablike shape of a heavily vascularized 

tumor.31  For most of human history, the term cancer could be used to describe both 

lesions, such as a canker sore, and tumors.  In general, cancer mortality was hard to 

quantify and the disease itself was hard to diagnose, but by the middle of the nineteenth 

century several physicians began to argue that the disease was on the rise.32 The question 

was why.  Ancient physicians such as Hippocrates and Galen had subscribed to the 

                                                
30 Michael R. Zimmerman, "An Experimental Study of Mummification Pertinent to the Antiquity of 
Cancer," Cancer 40 (1977): 1358-1362. 
31 Robert N. Proctor, Cancer Wars: How Politics Shapes What We Know and Don't Know About Cancer 
(New York: Basic Books, 1995): 16.  For other histories of cancer see David Cantor, Cancer in the 
Twentieth Century (Baltimore: Johns Hopkins University Press, 2008); Siddhartha Mukherjee, The 
Emperor of All Maladies: A Biography of Cancer (New York: Scribner, 2010); Joan H. Fujimura, Crafting 
Science: A Sociohistory of the Quest for the Genetics of Cancer (Cambridge: Harvard University Press, 
1996); Daniel Kevles, "Pursuing the Unpopular: A History of Courage, Viruses, and Cancer" in Hidden 
Histories of Science, ed. Robert B. Silvers (New York: New York Review of Books, 2003); James T. 
Patterson, The Dread Disease: Cancer and Modern American Culture (Cambridge, Mass.: Harvard 
University Press, 1987); Pinell, "Cancer,", 2000; L. J. Rather, The Genesis of Cancer: A Study in the 
History of Ideas (Baltimore: Johns Hopkins University Press, 1978); Robert A. Weinberg, Racing to the 
Beginning of the Road: The Search for the Origin of Cancer (New York: W.H. Freeman and Company, 
1996). 
32 Proctor, Cancer Wars, 18.  In general, cancer was being discussed in more detail during the nineteenth 
century than ever before.  In particular, a group of London physicians formed an "Institution for 
Investigating the Nature and Cure of Cancer" at the turn of the nineteenth century within the Society for the 
Bettering the Condition and Increasing the Comforts of the Poor.  A group of six men, they published a 
report in the Edinburgh Medical and Surgical Journal listing the thirteen most pressing questions 
surrounding cancer.  Later, in 1957 when the Journal of the National Cancer Institute was celebrating the 
twentieth anniversary of the institute's founding, these thirteen questions were reprinted, with the author 
noting that many of them were still unanswered.  See Michael B. Shimkin, "Thirteen Questions: Some 
Historical Outlines for Cancer Research," Journal of the National Cancer Institute 19 (1957): 295-305.   
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humoral theory of disease and believed that tumors were caused from an excess of black 

bile.  By the mid-nineteenth century, miasmatic theories of disease dominated the cancer 

discourse, just as they dominated the majority of medical causation debates.  Doctors 

pointed to the 'bad air' created by the rapid growth of increasingly urbanized and 

industrialized cities.33 Others linked cancer morality to personal behavior, including 

sexual abstinence, sexual promiscuity, breast-feeding, and depressive or introspective 

spirits.  Most of these theories, however, fell out of favor by the beginning of the 

twentieth century. 

In 1901, Robert Koch identified the medical stance that all disease had natural 

causes as the etiological standpoint.34  By that time, he and Louis Pasteur had succeeded 

in convincing physicians that bacteria were at the root of most diseases.  Between the 

work of bacteriologists and cell physiologists like Virchow, the medical community had 

become convinced of the power of focusing at the microscopic level for disease causes.  

Though bacteria had been found to cause many diseases, there were still plenty in which 

no microbe could be identified as a culprit.  However, there was a strong belief that each 

disease had a definable cause, and at the turn the twentieth century more physicians 

expanded their search for the source of cancer.   

Cancer posed a unique challenge as it became clear that there were many different 

types of the disease.  One popular theory in the 1880s and 1890s linked cancer to the 

consumption of tomatoes.  In the first decade of the twentieth century, another popular 

theory claimed that cancer was caused from drinking water derived from trout-fed 

                                                
33 Martin Melosi, The Sanitary City: Environmental Services in Urban America Colonial Times to the 
Present (Pittsburgh: University of Pittsburgh Press, 2008). 
34 Carter, The Rise of Causal Concepts of Disease, 1. 
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streams.  Such radical speculating abounded, and represented the struggles of a rapidly 

changing cultural landscape trying to explain an unresolved natural phenomenon.  The 

trout causation theory, for example, gained enough traction to convince President 

Howard Taft to ask Congress for a sum of $50,000 to initiate a formal investigation.35 

The increasing number of cancers identified was matched by increasing variety of 

potential causes.  When Reimann and Hammett founded LHRI in the 1920s, many of 

these theories had been discarded, but cancer research was still dominated by a relatively 

empirical search for causes.36 

 By the early 1920s, three dominant hypotheses on the cancer causation had 

developed.  The disease was thought, variously, to be a product of environmental stimuli, 

viruses, or genetics and/or heredity.  There seemed to be evidence for all three.  There 

had been several instances by the twentieth century in which epidemiologists had made 

direct links between cancer rates and occupation or long-term exposure, encouraging the 

belief that cancer was a product of the environment.  In 1775, for instance, Percivall Pott, 

a London surgeon, described the high number of scrotum cancer cases that occurred in 

chimney sweeps.37  Several similar studies that linked cancer to occupation, and, in 

                                                
35 Proctor, Cancer Wars, 32. 
36 In general, cancer was on the rise in the early twentieth century, adding more pressure for the search of 
both its cure and its cause.  While some statistics listed cancer as the eighth leading cause of death in 
America in 1909, by 1924 cancer had surpassed tuberculosis as one of the leading causes of mortality.  In 
1934, cancer became the second-leading cause of death in the United States, trailing only heart disease, as 
it still does today.  One of the only things that could seemingly be linked to the statistical rise of cancer was 
the advance of civilization.  In other words, as life expectancy increased and mortality rates from infectious 
diseases fell, the death rate from cancer became more prominent.  Patrice Pinell, "Cancer," 672.  For more 
details concerning the complicated interaction between life expectancy, disease, and death rates, see 
Thomas McKeown, The Modern Rise of Populations (New York: Academic Press, 1976) and recent 
revisionist discussion by Simon Szreter, "Rethinking McKeown: The Relationship Between Public Health 
and Social Change," American Journal of Public Health 92 (2002): 722-725. 
37 For this and other historical milestones in the understanding and treatment of cancer, see Michael B. 
Shimkin, Contrary to Nature, U.S. Department of Health, Education, and Welfare Publication No. (NIH) 
76-720 (Washington D.C.: U.S. Government Printing Office, 1977): 95.      



 

 29 

general, there was a thread of environmentally caused cancer research alive in the field 

throughout the twentieth century.  During the latter half of the twentieth century, 

environmental causation theories would come to dominate, particularly after the 

publication of Rachel Carson's Silent Spring and the rise of the environmental 

movement.38 However, in the 1920s when Reimann and Hammett were developing 

LHRI's goals, other theories were more widely influential.  This was largely the result of 

the excitement surrounding the success of two emerging disciplines: genetics and 

bacteriology. 

 Genetic and hereditary links to cancer were widely speculated in the early decades 

of the twentieth century, which mirrored their popularity as fields of study.  The 

concurrent rediscovery of Gregor Mendel's work in 1900 by Hugo de Vries and Carl 

Correns helped usher in the birth of genetics as a discipline in the 1910s.39  During that 

period, T.H. Morgan and his 'fly lab' at Columbia University established methods of 

studying genetics that dominated biological research for the next fifty years.  Drosophila 

would be the choice organisms for most geneticists as they demonstrated patterns of 

inheritance, linked specific traits to genes, and then mapped those genes to 

chromosomes.40   

Geneticists' methods were reductionist and powerful, showing that there was a 

direct correlation between the genotype and phenotype.  By the mid-1920s, it had become 

                                                
38 Proctor, Cancer Wars, introduction. 
39 There is a wealth of literature concerning these stories, but for more information concerning the 
rediscovery of Mendelism and its origins, see Robert Olby, Origins of Mendelism (New York: Schocken 
Books, 1966).  For more details about the development and success of genetics in the twentieth century, a 
good place to start is Evelyn Fox Keller, The Century of the Gene (Cambridge, Mass.: Harvard University 
Press, 2000). 
40 Robert Kohler, Lords of the Fly: Drosophila Genetics and the Experimental Life (Chicago: University of 
Chicago Press, 1994) 
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clear that genetic mutations caused changes in phenotype, and many researchers 

hypothesized that the cause of cancer could be connected to genetic changes.  During that 

period, theories such as the somatic mutation theory postulated by Theodore Boveri and 

the Warburg Hypothesis put forward by Nobel Laureate Otto Heinrich Warburg rested on 

the assumption that cancers were caused by genetic phenomena – for Boveri, that 

mutation was a chromosomal anomaly; for Warburg, that mutation occurred within the 

cell itself, disrupting patterns of cellular respiration.41  Moreover, it appeared that some 

cancers had hereditary characteristics.  Family histories showed that breast cancer, for 

example, could prominently afflict several generations in one family.42 

In the 1920s, there was also a prominent belief that cancer could be an infectious 

disease.  After the initial rush after Pasteur's and Koch's successes to find bacterial causes 

for every disease, it became clear that bacteria were not responsible for every malady.  

By the end of the nineteenth century many biologists had begun to describe and confirm 

the existence of viruses, though no one had yet seen one and would not until the 

invention of the electron microscope in the late 1930s.43  In 1908, Danish researchers 

conducted experiments suggesting that viruses were the cause of some types of chicken 

leukemias.44  However, the theory of virus causation did not become widely respected 

until Peyton Rous, at the newly established Rockefeller Institute for Medical Research, 

conducted experiments in 1910 using chicken sarcomas.  Rous extracted a solution 

created from chicken tumors that was devoid of all cellular and bacterial material.  The 

                                                
41 Fujimura, Crafting Science, 25. 
42 For a history of breast cancer and the changing concepts of the disease in American culture, see Robert 
A. Aronowitz, Unnatural History: Breast Cancer and American Society (Cambridge: Cambridge 
University Press, 2007). 
43 Carter, Rise of Causal Concepts of Disease, 143. 
44 Proctor, Cancer Wars, 274n47 
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extracted solution, Rous found, would cause healthy chickens to develop similar tumors 

after being injected.45  Rous concluded that there must be an infectious agent that could 

not be filtered by the standard procedures. 

   The progression of cancer did seem to be infectious in a sense, since the disease 

could rapidly become virulent-like, spreading from a localized spot and metastasizing 

throughout the body.  Rous's experiments, coupled with the highly infectious outbreak of 

Spanish influenza in 1918-1919 and the debilitating fear of infantile paralysis, or polio, 

during this period, attracted substantial attention to the theories of a viral cause to 

cancer.46 In the 1920s, several teams of researchers sought to build upon Rous's research, 

using the most recent bacteriological methods to do so.47   

This was the scientific and medical context in which Reimann and Hammett 

began their effort to investigate cancer, and explains the unusual nature of their decision 

to study growth.  Focusing on growth meant that LHRI researchers would attempt to 

understand the mechanism, rather than the cause, of cancer.  The previous discussions 

about cancer in the late nineteenth and early twentieth centuries had all focused on the 

cause of the disease; the debate about viruses, the fear of trout in streams, the connection 

to various occupations and problematic genes were all concerned with why some people 

                                                
45 Kevles, "Pursuing the Unpopular: A History of Courage, Viruses, and Cancer," 72-75.  Rous would win 
the Nobel Prize in Physiology or Medicine in 1966 for this work.  See also William Bechtel Discovering 
Cell Mechanisms: The Creation of Modern Cell Biology (Cambridge: Cambridge University Press, 2006): 
163. Bechtel discusses Rous's legacy at Rockefeller and how he switched from cancer research, which he 
did not like, to what became known as cell biology. 
46 Nancy Tomes, The Gospel of Germs: Men, Women, and the Microbe in American Life (Cambridge: 
Harvard University Press, 1998): 245-46.  Sally Smith Hughes, The Virus: A History of a Concept (New 
York: Science-History, 1977). 
47 Most researchers, however, concluded by the mid-1930s that viruses and other infectious agents were 
not significant causes of cancer. See "Fundamental Cancer Research – Report of a Committee Appointed 
by the Surgeon General," Journal of the National Cancer Institute 19 (1957): 317-328.  This report was 
reprinted from Public Health Reports 53 (1938): 2121-2130. 
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got cancer and others did not.  Reimann and the staff at LHRI, on the other hand, were 

focused on the mechanisms of cancer.  Essentially, they eschewed the ultimate questions 

of cause for the more proximate understanding of the mechanisms at fault in the cancer 

cell.  It did not matter much to Reimann and his staff whether tumor cells derived from a 

specific cause.  Rather, the institute's emphasis was on understanding the mechanisms of 

tumor's uncontrolled growth, and to do that they needed to understand how those 

mechanisms worked in normal cells. 

To understand growth properly, however, Reimann and Hammett knew that a 

variety of experimental approaches would be needed.  The tools of one field, even if they 

were highly productive at the time, were not enough to understand all the aspects of 

expansion.  Chemistry could help identify and isolate the chemicals involved during 

growth processes but could not articulate the changes in cell physiology.  Physiologists 

had knowledge about cell mechanisms but did not understand the role of chromosomes as 

well as geneticists.  Growth encompassed more than just a single cell, and to comprehend 

and explain it organismically, embryologists would be needed to decipher cell 

differentiation over time and zoologists and botanists would be needed to get at the 

mechanisms involved in maturation and senescence.  Overall, Reimann and Hammett 

envisioned all of these sciences working in conjunction towards the goal of identifying 

and understanding the problem of cancer.  Together in the same institute, researchers 

would expand conversations beyond their own disciplines, which would open up new 

questions and bridge the gaps present between their fields.    

Although LHRI's focus on growth was originally Hammett's suggestion, the idea 

of understanding both the normal and the abnormal made sense to the pathologically 
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trained Reimann too.  Pathologists, of course, analyzed tissues in order to identify and 

understand diseases.  Inherent in this process was the importance of defining the normal.  

A diseased tissue sample is understood as diseased only in relation to what doctors had 

come to expect as normal.  The comparative study of normal and abnormal, then, was the 

obvious approach for Reimann.  Moreover, the study of growth played to Reimann's 

strengths, as the majority of the research dealt with tissue and cell samples, objects of 

study that Reimann felt very comfortable with. 

Seen in the larger context of cancer research at the time, it is clear why peers 

derided Reimann and Hammett in the early years of LHRI.  Rather than working with 

tumors and trying to decipher their etiology, Reimann and Hammett had decided to work 

on the growth mechanisms of pea plants to solve the problem of cancer.  For many of 

their colleagues, LHRI's work probably seemed too removed from the problem to truly 

contribute to cancer research.  It seemed much closer to biology or chemistry.  The basic 

science approach of LHRI's work, however, reflected the larger commitments of its 

founders.  As a product of an early movement towards scientific medicine, Reimann 

believed strongly in the reduction of medicine to basic sciences.  It made sense to 

Reimann that cancer research be reduced in much the same way.  Similarly, as a trained 

biochemist Hammett understood that because most organisms displayed analogous 

growth, their mechanisms would be comparable as well.  Thus, conducting research on 

onion roots would be as enlightening about the mechanisms of growth as studying a more 

accepted tissue, be it a tumor or normal human cells.48   

                                                
48 The pushback that Reimann and Hammett received for their approach to cancer research serves as 
another example of the contested nature of laboratory work in the medical field during the early twentieth 
century.  The value of scientific medicine and laboratory-based practices were not obvious to the medical 
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Within a decade, the institute would convince detractors that research into 

fundamental aspects of growth was necessary for the control of cancer.  Just as LHRI had 

begun to gain prominence for its particular brand of cancer research, federal support 

would begin to open up new funding avenues for the institute and its researchers.  

 

LHRI's Early Work and Its Rise to Prominence  

 Before the LHRI had even been formally created, Hammett and Reimann had 

already planned how the first few years of the new institute would proceed.  Hammett 

recommended that the staff should hire only enough pathologists to complete the 

necessary hospital clinical duties and to do some, but not a lot, of additional research into 

the pathology of cancer.  "What you need is a biologist or two," Hammett suggested, 

along with "an organic chemist or two, with assistants, [and] with an animal colony."  

Together, Reimann believed, they all needed to have "a fixed idea that the proper 

approach to the study of cancer is through growth and development."49 

Since they were working with a small budget in the beginning, Reimann and 

Hammett decided to concentrate on an area of strength: chemistry.  One of the first hires 

of the new Lankenau Hospital Research Institute was Mary (Madie) Bennett.  Bennett 

was a holdover from Reimann's tenure as a part-time researcher in the hospital before the 

                                                                                                                                            
profession at the turn of the century as they are today, but instead medical professionals had to be 
convinced through a series of social, institutional, and cultural mechanisms that laboratory work could 
enhance medical care and understanding.  The case studies presented in Andrew Cunningham and Perry 
Williams, eds., The Laboratory Revolution in Medicine (Cambridge: Cambridge University Press, 1992), 
illustrate similar contentions to those that Reimann and Hammett experienced.  If anything, the continued 
criticism of Reimann and Hammett's approach even into the late-1920s and early 1930s extends the period 
in which historians of medicine have shown there to be significant controversy surrounding the value of 
laboratory based medical research.  This oversight could be due to the fact that historians of medicine who 
have discussed this subject have usually focused on the fields of bacteriology, public health, and related 
subjects.  The focus on cancer research has been overlooked in this sense. 
49 Reimann, "[Untitled]," Growth 14 (1950): introductory pages. 
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new facility was built.50  She was born in Washington, D.C. in 1897 and graduated from 

Smith College in 1920.  In the fall after her graduation, she began to work part-time for 

Reimann in his laboratory above the morgue in Lankenau Hospital while she attended the 

University of Pennsylvania, working towards her master's degree in physiological 

chemistry.  By the time that the new research laboratories were fully equipped in 1927, 

Bennett had received her Ph.D. in the same field and was working mainly on the 

biochemical analysis of blood.  As the first full-time researcher at the institute, she was 

credited as being influential in setting up new routines.51  Bennett would be the first of 

many women scientists hired by Reimann and Hammett to be researchers at LHRI.52  

 In 1929, Hammett and Reimann hired two more chemists: Gerrit Toennies, a 

recent German immigrant, and a New Englander named Theodore Frederick Lavine.  

Both men had substantial backgrounds in chemistry.  After studying at the Universities of 

Frieburg and Munich, Toennies received his Ph.D. in organic chemistry in 1924, the year 

before he came to the United States.  Lavine, born and raised in New England, had 

attended the Clarkson College of Technology, receiving his B.S. in chemical engineering 

in 1927.  Before being hired by LHRI, both men had been working in the Philadelphia 

area for Texaco, the Texas-based oil company.53  By 1930, Reimann had compiled a staff 

                                                
50 Patterson, "Growth," A-1. 
51 Patterson, "Growth," A-2. 
52 Though a topic for a different article, LHRI and its later incarnations were unafraid to hire women 
scientists from the very beginning, taking advantage of the well-regarded women's colleges in the region.  
Reimann, in particular, has been credited with this pro-women stance.  However, even in a friendly 
institution like LHRI women faced many of the hurdles that other women in science were experiencing 
during that era, including low pay and significant demands at home.  For more discussion regarding women 
and science during the late 19th and early 20th centuries, see Margaret Rossiter, Women Scientists in 
America: Struggles and Strategies to 1940 (Baltimore: Johns Hopkins University Press, 1982). 
53 Patterson, "Growth," A-4. Patterson refers to the company as "the Texas Co." though it seems clear that 
this is actually the Texas Oil Company, or Texaco as we know it today, since the New Jersey area east of 
Philadelphia was home to a large oil port. 
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composed of researchers with strong backgrounds in chemistry and who had significant 

experience in industry.54  

 The LHRI staff did not expand much over the few years after the stock market 

crash of 1929.  LHRI's experimental reach, however, did.  In 1930, Hammett succeeded 

in establishing an independent marine laboratory station in Massachusetts to carry out 

studies on growth patterns and to extend the research that he had done using peas, corn, 

and beans.  Marine invertebrates had been popular organisms for study in biology for 

decades.  Their physiology and developmental patterns were well-known and they had 

short life cycles, quickly moving between embryo and adult stages.  Additionally, marine 

invertebrates often had translucent bodies, making microscopic studies much easier.  

Reimann and Hammett saw a marine laboratory as a useful way to mature their research 

program. 

In many ways, the Marine Biological Laboratory at Woods Hole, Massachusetts 

would have been a logical facility for Hammett and his group to join.  Since the turn of 

the century, Woods Hole had grown into a formidable presence in the field, attracting 

some of the greatest scientific minds in the country during the summers and providing a 

meaningful community for many of them.55  However, Hammett believed that the Woods 

                                                
54 Beyond Levine's and Toennies' experiences at Texas Co., Hammett had worked as a biochemist in the 
commercial firm of Difco, a Michigan-based company, before he arrived at the Wistar Institute in 
Philadelphia in 1920.   
55 Philip J. Pauly, "Summer Resort and Scientific Discipline: Woods Hole and the Structure of American 
Biology, 1882-1925," in The American Development of Biology, ed. Ronald Rainger, Keith R. Benson, and 
Jane Maienschein (Philadelphia: University of Pennsylvania Press, 1988): 121-50.  See also Philip Pauly, 
Biologists and the Promise of American Life: From Meriwether Lewis to Alfred Kinsey (Princeton: 
Princeton University Press, 2002). 
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Hole group focused completely on the normal and wanted to create his own laboratory 

environment in which the abnormal and pathological would also be the focus.56 

After a trip to Cape Cod in early 1930, Reimann and Hammett found a suitable 

location on the bay near North Truro, a community just south of Provincetown, which is 

at the northernmost point of the peninsula.57  Here, Reimann and Hammett found a 

setting filled with tidal pools and small freshwater ponds that, together, contained most of 

the marine forms needed for study.  After LHRI attempted to buy the land from a local 

estate, it was instead leased rent-free to the institute.58  A small Cape Cod-style building 

was completed in mid-May that year, providing a large one-room laboratory for the 

institute.59  The experimental station was operational from May 1st through September 

30th most years until it was abandoned in 1946.60 

For the first year, there was only a small group of researchers at the Cape Cod 

laboratory, consisting mainly of Hammett and Dorothy Wall Smith, who later became 

Hammett's wife.  Smith and Hammett's first experiments that summer examined the 

effect of cresols on the regeneration of hermit crabs' claws.61 Cresols contained a 

sulfhydryl chemical complex that Hammett was particularly interested in because of his 

earlier studies using peas and onion roots at the institute.  Hammett and Smith first 

removed the naturally regenerating front claws and then measured the growth of the 

                                                
56 Patterson, "Growth," 42.  Hammett's decision to avoid Woods Hole reinforces Philip Pauly's point in 
Biologists and Promise of American Life when argues that an outcome of the tight community at Woods 
Hole was that they became disconnected from their more application-minded colleagues (p. 160-164). 
57 Reimann, "[Untitled]," Growth 14 (1950): introductory materials. 
58 A few years later, the LHRI trustees would succeed in buying the land. 
59 Patterson, "Growth," 42. 
60 By the early 1940s, the station had begun to be less used.  "The lab is closed" entry in Reimann's history, 
Folder: "1959-1968 History Dictation," FCCC Archives. 
61 Cresols are strong chemical compounds used to dissolve other chemicals or as disinfectants.  The 
common household cleaner Lysol, is a cresol based cleaner. 
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crab's claw over time as it sat in various dilutions of cresol solutions.  All chemicals were 

produced at the LHRI facility by Lavine and Toennies and then shipped up to the North 

Truro station.  Hammett created strict controls for the work, running co-experiments 

using non-chemically treated water and treatments using cresol chemical variants, called 

radicals, to be sure that any result could be taken as a product of the cresol treatment.  

Overall, certain dilutions of cresol treatments showed an increased rate of growth.62   

Over the next few summers, Hammett continued to conduct experiments using 

chemicals that had some relation to sulfhydryl-containing compounds.63  Hammett's early 

experiments had convinced him that sulfhydryl-containing chemicals had growth-

promoting effects, and that a chemically altered form of the substance, called a sulfoxide, 

would inhibit growth.  Hammett designed experiments using these chemicals on a range 

of plants and animals including a variety of marine forms.64    

Hammett's research during those early summers highlighted his theoretical 

commitments.  In the published papers from those experiments, Hammett articulated 

cellular growth phenomena in terms of chemical reactions, an uncommon approach at 

that time.65  Hammett obviously derived his preference for chemical explanations from 

                                                
62  For instance, see Frederick S. Hammett and Dorothy Wall Smith, "The Influence of Sulfhydryl and 
Sulfoxide on Gross Regeneration in the Hermit Crab (Pagurus longicarpus)," Protoplasma 13 (1931): 261-
67. 
63 The chemical companies Squibb and Merck funded some of this research, as they were interested in 
understanding the physiological effects of some of their chemicals.  Patterson, "Growth," 42-53; 92-102. 
64 Patterson, "Growth," 42-53; 92-102. 
65 This could also be described as chemical embryology, a field that did not become significant until the 
late 1920s.  See P.G. Abir-Am, "The Philosophical Background of Joseph Needham's Work in Chemical 
Embryology," in A Conceptual History of Modern Embryology, ed. Scott F. Gilbert, (New York ; London: 
Plenum Press, 1991).  In chapter two of this dissertation, I describe the way in which chemical embryology 
played a leading role in Robert Briggs' dissertation work in the mid-1930s, about the same time that 
Hammett was conducting his research in the area.  As shown in this chapter and the next, this was just one 
of several connections linking Briggs and LHRI, underscoring how well Briggs fit into the LHRI laboratory 
when he was eventually hired in 1943. 
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his educational background; however, biologists who had embraced physical and 

chemical explanations also influenced him.  In particular, Hammett admired the work of 

Thorburn Brailsford Robertson, whose 1923 book, The Chemical Basis of Growth and 

Senescence, was particularly influential.66  In his work, Robertson articulated a chemical 

explanation of growth.  After studying patterns of cell development, Robertson reasoned 

that there was a general law that governed how cells responded to periods of chemically 

directed growth.  Specifically, Robertson postulated that growth was an autocatalytic, or 

self-accelerating process, driven by the secretion of a chemical catalyst.  Robertson first 

applied the idea of autocatalysis to just individual growth patterns, but in his 1923 book, 

Robertson expanded this idea to describe the growth of bacteria and protozoa 

populations.67  

  The implication of Robertson's reasoning was that cell size and growth could be 

explained through a description of a chemical equilibrium.  For Hammett, if this was the 

foundation of cell growth, then he believed that "the problem…resolves itself into a 

determination of the specific chemical groups and reactions responsible for the 

equilibrium."68  Hammett's research program was built around this problem, and for these 

early years at North Truro Hammett focused on finding the chemicals that both increased 

                                                
66 See also Patterson, "Growth," 44 (though she cites him as named Thomas Brailford Robertson); 
Thorburn Brailsford Robertson, The Chemical Basis of Growth and Senescence, (Philadelphia and London: 
Lippincott, 1923). 
67 Sharon E. Kingsland, Modeling Nature: Episodes in the History of Population Ecology (Chicago: 
University of Chicago Press, 1995): 66.  Kingsland notes that Robertson had reappropriated the term 
'autocatalytic' from descriptions of chemical reactions.  Specifically, an autocatalytic reaction described the 
increasing curve that occurred during a chemical reaction in which the reaction of one of the chemicals 
produced something that accelerated the entire reaction.  The description was meant to describe just the 
accelerating aspect of the curve that could be plotted; however, Robertson began using the term to describe 
the entire sigmodial, or 'S-curve', of individual animal or plant growth, which would oscillate between 
periods of growth and decline. 
68 Frederick S. Hammett, “The Natural Chemical Regulation of Growth by Increase in Cell Number," 
Proceedings of the American Philosophical Society 69, no. 1 (January 1, 1930): 218. 
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and prohibited cell growth.  He reasoned that due to Robertson's hypothesis the chemicals 

that prohibited cell development would be a derivative of those chemicals responsible for 

cell growth, so he studied both.69  The goals that Reimann and Hammett had set forward 

for the new Lankenau Institute in 1925, to understand cancer through the study of growth, 

both the normal and the abnormal, were being fulfilled.  Their thought was that if they 

could understand and isolate the chemicals that controlled growth, they could use them to 

control cancers. 

In 1932, Hammett succumbed to a latent tuberculosis flare-up, which restricted 

his ability to work and travel.  Over the next five years, Hammett lived in Provincetown, 

just a few miles north of the North Truro station.  He had a small laboratory built in his 

backyard so that he could continue to do some work during the winter months after North 

Truro was closed for the season.   His personality, which many said was already highly 

disagreeable, apparently became even more so during this time.70  Hammett required that 

                                                
69 Hammett's, and in particularly Robertson's, views represented a mechanistic conception of life.  In the 
twentieth century, Jacques Loeb is the most emblematic of holding to such a view. Though Loeb's 
mechanistic worldview was not fully embraced until the 1970s and 1980s, as Pauly claims, there were 
several individual followers of Loeb's ideals.  At the University of California–Berkeley in 1905, Loeb 
brought Robertson from Australia to teach physiology to the University medical students.  Robertson's 
background in physics and physiology quickly endeared him to Loeb, who took him on as his protégé.  
Loeb referred to Robertson as a "genius of the first rank," and made sure that Robertson completed his 
dissertation in time to replace Loeb as professor of physiology once he left for a new position at the 
Rockefeller University.  Robertson became a full professor in 1917, but left the next year to become the 
chair of biochemistry at the University of Toronto.  Later, Robertson would leave to go back to his home 
country of Australia where he would hold multiple chairs in biochemistry and physiology.  At the 
University of Adelaide, Robertson was instrumental in establishing basic research courses and laboratories 
in the medical school. Just as his mentor Loeb did, Robertson sought to create profound linkages between 
basic bio-chemical research and medical practice.  In his own way, Hammett also followed this creed, 
pushing for a more scientific approach to the study of cancer. See Philip Pauly, Controlling Life: Jacques 
Loeb and the Engineering Ideal in Biology, (New York: Oxford University Press, 1987). 
70 Hammett was described as having a rather caustic nature in many different sources.  See Patterson's 
descriptions as well as dedications to Hammett in Growth 14 (1950), his retirement in 1953, and 
retrospectives of the late-1930s symposia.  For example, Patterson describes Hammett as a "short, swarthy-
complexioned [man], with dark, stubby hair – [he was] the crude-spoken, abrupt, flamboyant type…he felt 
that none of the general public understood scientists and made little effort to communicate with them." 
("Growth," 20) 
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all papers from Institute scientists be sent to him for review before they were submitted to 

journals, a measure particularly repugnant to many of the employed researchers. It also 

gained Hammett a troublesome reputation outside the institute.71 Nevertheless, the North 

Truro marine experiment station continued to be an effective environment for stimulating 

quality research for the Lankenau Institute, and Reimann effectively ran the Philadelphia 

facility without Hammett's presence during the tough financial times of the 1930s.72 

By the mid-1930s, the Lankenau Hospital Research Institute had succeeded in 

becoming one of the top cancer research facilities in the country despite the continued 

Great Depression and the early skepticism of their peers over their research approach.  

Lankenau's influence is depicted in a Public Health Service (PHS) report already in 1929.  

The United States Surgeon General, who directed the PHS, requested a summarizing 

report on where and what types of cancer research were being done in the United States.  

J.W. Schereschewsky, the surgeon in charge of cancer investigations in the Public Health 

Service, replied with a detailed list of non-government institutions involved in cancer 

research.  In his report about Lankenau's research operations, Schereschewsky stated that 

"about 1/6 of the activities of the institute are devoted to routine clinical laboratory work 

for the Lankenau Hospital.  The remainder of the institute's activities is devoted to 

research, and concentrated upon the general problem of cell growth."  Schereschewsky 

                                                
71 Patterson, "Growth," 93-97.  In a November letter to Dr. R.G. Hoskins of the Harvard Medical School, 
Reimann stated that he believed Hammett's attitude might be preventing the institute from receiving funds.   
72 Reimann, on the other hand, was known to be an absolute charmer, and used his talents to do substantial 
fund-raising for the institute.  In his obituary, Hugh Creech claims that Reimann even resorted to tapping 
his talents as a concert pianist for fundraising during the hard-financial times of the 1930s.  Hugh Creech, 
"Stanley Reimann," 807-809. 
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claimed that after only two years of full time cancer research, Lankenau Hospital 

Research Institute was "engaged in fundamental and important work."73 

 

Cancer Research and the Government 

Schereschewsky designed his report to inform the Surgeon General of the state of 

the field of cancer research and to persuade him that government funding was needed for 

support.  "From the foregoing," Schereschewsky wrote,  

It is evident that, while considerable cancer research work is going on, the total 
sums of money spent for cancer research are apparently less than seem to be 
warranted by the great importance of this subject.  Moreover, any systematic 
attempts at coordinating the whole problem of cancer research are not as yet in 
existence.74   
 
After this state-of-the-field account, Schereschewsky recommended that the 

government initiate and support a broad program of cancer studies, as well as search for, 

and groom, the next generation of cancer researchers.75 

The Public Health Service had been conducting cancer research since 1922, albeit 

on a limited basis.  Under the auspices of the PHS, Schereschewsky had assembled a 

small team of researchers in Boston to study cancer while Carl Voegtlin, a biochemist of 

Swiss-German training, directed a number of scientists in cancer research at the Hygienic 

                                                
73 J.W. Schereschewsky to the Surgeon General, "Report of Survey of Cancer Research Work," August 22, 
1929: 11. National Archives and Records Administration, RG 443 NIH "General Records," Box 6, Folder 
"Cancer" 
74 J.W. Schereschewsky to the Surgeon General, "Reports results of survey of cancer research work," 
August 22, 1929: 15. National Archives and Records Administration, RG 443 NIH "General Records," Box 
6, Folder "Cancer" 
75 Hugh S. Cumming held the office of the Surgeon General from 1920 through 1936 and though he was 
not able to create a national program like Schereschewsky recommended, the National Cancer Institute was 
founded in 1937, which did have similar goals. 
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Laboratory in Washington D.C.76 In the 1920s, the fact that cancer had eclipsed 

tuberculosis as a killer in the United States, as well as the growing public awareness of 

the disease, persuaded some legislators to propose targeted legislation designed to 

increase funding for cancer research.77  In 1927, Senator M.M. Neely of West Virginia 

proposed a bill that would award a scientist the sum of five million dollars for a 

successful cure to cancer.  Neely's approach did not gain much support at the time, but 

over the next ten years several subsequent attempts at encouraging cancer research 

through congressional legislation would appear.   

In 1937, with overwhelming support, Congress passed the National Cancer 

Institute Act, creating the National Cancer Institute (NCI) under the purview of the Public 

Health Service.  Carl Voegtlin became its first Chief.  The appropriation for the first year 

of the NCI was $400,000, which was over half of what had previously been used 

throughout the entire country for cancer studies.78  The formation of the National Cancer 

Institute represented a significant milestone in the history of cancer, as funding, research 

opportunities, and new scientists flooded into the field.79 

                                                
76 G.B. Mider, "Research at the National Cancer Institute," Journal of the National Cancer Institute 19 
(August 1957): 191. 
77 The American Society for the Control of Cancer had been created in 1913, quickly becoming a 
significant force in the cancer field mostly through their public education campaigns about the disease.  
Even into the 1930s, and certainly before, cancer was a disease that was rarely spoken of openly, and even 
doctors would often not tell a patient or their family that they had cancer.  The public education campaigns 
driven by the ASCC during the first thirty years of the twentieth century helped bring about change in the 
way that people were educated about cancer.  In 1945, the ASCC would be re-formed into the American 
Cancer Society, and in doing so, would begin to fund cancer research, both basic and clinical, on a large 
scale. 
78 In a survey done before the creation of NCI, congressional research showed that a total of $700,000 was 
being directed towards cancer work throughout the United States, which included funding from the PHS, as 
well as all the major independent clinical centers and non-profits in the country.  See J.R. Heller, "The 
National Cancer Institute: A Twenty-Year Retrospect," Journal of the National Cancer Institute 19 (August 
1957): 147-151, and Ralph G. Meader, O. Malcolm Ray and Donald T. Chalkley, "The Research Grants 
Branch of the National Cancer Institute," Journal of the National Cancer Institute 19 (August 1957): 225. 
79 Robert Bud, "Strategy in American Cancer Research after World War II" 425-459. 
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Two of the tenets of the new National Cancer Institute were to promote the 

already established cancer centers and to facilitate the growth of the field in general.  As 

the institutional structure of the NCI began to take shape, seventeen non-governmental 

institutions were identified as the most significant cancer research programs in the 

country.  They ranged from large hospitals to specialized cancer centers.  In all, seven 

university facilities,80 eight hospitals,81 and two research laboratories were named,82 

including LHRI.83  Some of the institutions had been recognized because of their clinical 

work in treating cancer, such as Memorial Hospital in New York, which was one of the 

few places that possessed radium for treatment and research.84 

Other identified programs on the list had little to do with actually treating patients, 

but rather had cultivated an image of a specialized center of cancer research.  The Roscoe 

B. Jackson Memorial Laboratory (JML) in Bar Harbor, Maine was such a facility.85  The 

                                                
80 The six included Albany Medical College, Carnegie Institution of Washington at Johns Hopkins 
University, the Cancer Research Institute at the University of Minnesota, the Crocker Institute of Cancer 
Research at Columbia University, the University of Chicago's department of pathology, and the 
International Cancer Research Foundation at Temple University.  Yale University was also listed though it 
did not have any cancer research facility because it was noted that they had just recently received a bequest 
of $10 million dollars to establish a cancer research center. 
81 Huntington Memorial Hospital in Boston (which was operated by Harvard University), Thorndike 
Memorial Hospital also in Boston, Department of Biophysics at the Cleveland Clinic, Memorial Hospital in 
New York City, LHRI in Philadelphia, the Mayo Clinic in Minnesota, the Bernard Free Skin and Cancer 
Hospital in St. Louis, and the Michael Reese Hospital in Chicago. 
82 The Roscoe P. Jackson Memorial Laboratory in Bar Harbor, Maine and the Rockefeller Institute of 
Medical Research in New York, N.Y. 
83 Taking these institutions together, it is clear that cancer research had epicenters of activity, particularly 
New York, Boston, and Philadelphia.  Though the midwest was fairly well represented, the south and the 
west coast did not seem to have any established centers. 
84 In 1950, Memorial Hospital would become home to one of the largest cancer institutions in the country 
when Alfred P. Sloan, President of General Motors, would finance the establishment of the Sloan-Kettering 
Institute.  Before then, however, Memorial Hospital was known for its cutting edge treatments more so than 
their basic science studies. Bud, "American Cancer Research," 433. 
85 The directors and senior researchers at many of these institutions would anchor the early direction of the 
NCI, acting as chairmen and advisors to the National Advisory Cancer Council (NACC), the committee 
that influenced and created many of the policies for the National Cancer Institute.  In particular, C.C. Little, 
the director of the Jackson Laboratory, would play a large role in directing early cancer research funds, 
including securing significant grants for producing standardized mice colonies, helping the mouse become 
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NCI reported that the laboratory was "mainly concerned with the problems of heredity in 

cancer, [and] is one of the few laboratories in the United State in which genetics, 

particularly on the genetics in relation to cancer, is the only type of work carried on."  In 

contrast, the Cancer Research Institution of the Lankenau Hospital was described as 

being "well known for its work in the experimental study of abnormal cell growth."86 

While JML also conducted basic research on cancer, it relied on genetics as their only 

approach.  Their research focus was as much on genetics as it was cancer.  LHRI, on the 

other hand, employed a variety of different approaches to the study of growth.  For LHRI, 

as has been shown, cancer acted as a focus that linked various research projects 

throughout the institute. 

The approach that Reimann and Hammett had charted in the mid-1920s for their 

new research facility proved successful among the prevailing trends of cancer research at 

the time.  By 1937 it was clear that their approach had become more broadly accepted.  

During the first National Advisory Cancer Council (NACC) meeting held in November 

of 1937, Voegtlin, Chief of NCI, laid out his ideas of the core research projects to be 

pursued, noting that  

the next phase is proliferation of normal and malignant cells.  Cancer, as has often 
been said, can be looked upon as a problem of growth.  Growth of cells, whether 
normal or malignant, is very poorly understood.  I think some work along that line 
from a fundamental point of view is not out of place in a group such as we have.87 
   

                                                                                                                                            
the most prolific standardized organism in biomedical sciences after World War II.  For more information 
concerning C.C. Little, the Jackson Laboratory, and the standardization of the mouse, see Karen A. Rader, 
Making Mice: Standardizing Animals for American Biomedical Research, 1900-1955 (Princeton: Princeton 
University Press, 2004). 
86 "Non-Governmental Institutions Engaged in Cancer Research," July 22, 1937. National Archives and 
Records Administration, RG 443 NIH "General Records," Box 6, Folder "Cancer" 
87 "NACC 1st meeting, November 9, 1937," NARA RG 443 (NIH Records), NACC Transcripts of Meeting, 
1937-38, Box 6, "NACC Proceedings 1st, 2nd, 3rd Meetings": 18. 
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The similarities between Voegtlin's phrase, "growth of cells, whether normal or 

malignant," and Reimann's and Hammett's in 1925, "to study growth and development  – 

both normal and abnormal," are obvious.  Both phrases articulated the need for the 

standards of 'normal' to be properly understood before the 'abnormal' could be 

appropriately described and diagnosed.  Moreover, Voegtlin's remarks supported a 

fundamental approach to this research.  Reimann and Hammett had succeeded in 

identifying a void in the cancer research initiatives of the 1920s, and within a decade the 

leadership of the NCI agreed.  A focus on growth and development would need to be a 

concentrated area of study for cancer researchers if they wanted to understand cell growth 

on a level necessary to eventually be of any use for controlling cancer. 

At about the same time that the National Cancer Institute leadership was 

identifying growth as an important area for cancer research, so too were a diverse group 

of scientists.  The topic of "growth and development" gained a quality of 

professionalization in the traditional scientific fields that went beyond the discipline of 

embryology with the creation of a new journal entitled Growth in 1937.  From that 

journal a new society – the Society for the Study of Development and Growth – formed 

in 1940.  The society would change its name to the Society for Developmental Biology in 

1966.   

The coalescing of scientists around the problem of growth and development was a 

direct result of a community-building program implemented by Reimann and Hammett in 

the early 1930s.  Reimann and Hammett had sought to validate their approach, in both 

scientific and medical circles, by fostering a community of like-minded researchers.  This 

process was complex and highly contingent, one that highlights the role of cancer and the 
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disciplinary state of biology in the interwar period of the twentieth century.  It would also 

become directly significant in the development of nuclear transplantation as Robert 

Briggs, who later developed the technique of nuclear transplantation in the early 1950s, 

identified himself as a member of this community early in its establishment. In this way, 

he built social connections with LHRI administrators, but also subscribed to the 

intellectual philosophy of the institute.  

 

LHRI and the Development of Developmental Biology 

In the 1930s, Hammett began to continuously encounter problems with publishing 

in scientific journals.88  Some blame can be placed on the tight fiscal restrictions of the 

Great Depression, but Hammett also fought journal editors for greater page lengths and 

was often frustrated at what he saw as the erratic and nitpicky criticisms that he received 

when being rejected from journals.  Other employees at the institute encountered similar 

problems with journal editors.  Hammett believed that often these rejections came 

because he and his colleagues at LHRI did not have an obvious journal to which to 

submit their work.  In the mid-1930s, journals were focused along methodological lines 

(biochemistry, statistics, etc) or taxonomic ones (zoology, botany, etc).  Topics that cut 

across methodological and traditional taxonomic boundaries were not represented in the 

array of journals at the time.  This lack presented a problem for Reimann and Hammett.  

Though much of their research utilized a physicochemical approach in the 1930s, 

methodology was not the main focus of the institute.  Cancer captured the funding, but 

the study of growth dominated the discourse at Lankenau.  Reimann and Hammett saw 

                                                
88 Patterson, "Growth," 104. 
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that there was a lack of a formal location for discourse from any perspective relating to 

the study of growth. 

In 1934, Hammett began to talk about the possibility of creating a new journal 

concentrated on the problems of growth and development.  At first, Hammett wanted to 

model the journal on the periodical produced by the Carnegie Institute, which acted as an 

institutional publishing clearinghouse; all the research done at the Carnegie Institute, no 

matter the topic, was published in their journal.  That idea, however, was not appealing to 

Reimann, who believed that one of the main LHRI benefactors was against the idea of an 

institutionally published journal.89  After a year of contemplation, Hammett sent out a 

survey to scientists from various disciplines inquiring as to whether they believed a 

journal dedicated to the problems of growth, which would be approached from any and 

all disciplines, was both wanted and needed.  In reply, Hammett received seventy votes in 

favor, seven who disapproved, and ten who were uncertain.90 

The responses provided Hammett with the incentive to continue to pursue the idea 

of a new journal.  In the summer of 1936, Philip White, one of the recipients of 

Hammett's letter of interest and later an LHRI employee, visited Hammett at his home in 

Provincetown to talk more about the idea of a new journal concentrating on the idea of 

growth.91  White, a botanist from the Rockefeller Institute, at first was doubtful, since as 

a botanist he had always had success in publishing his articles and did not mind the 

breadth of the topics covered in the botany journals.  While in Hammett's home, White 

                                                
89 Patterson, "Growth," 105. 
90 Patterson, "Growth," 104. 
91 White was hired by LHRI in 1945. 
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read all the letters that were sent back to Hammett about the idea of starting a journal.  

White later remembered that after reading them, he stated:  

Dr. Hammett, these letters certainly show the existence of a real need which I had 
not in the least suspected.  Obviously, many workers, particularly medical men 
interested in general growth phenomena, mathematicians interested in growth, 
biologists interested in certain types of statistical studies and similar intermediate 
fields are finding their papers out of place in all the present journals.  There is a 
need for a new and different journal.  It is still true that this need has been less 
urgently felt by botanists than in some other fields, and it is rather doubtful if 
many botanists will make use of such a journal.  But the need is there, much to 
my surprise.  If such a journal is established I will do what I can to help you make 
a success of it.92 

  
Together, White and Hammett then drove down to Woods Hole, where they conversed 

with the resident members of the experiment station about who should be the editors of 

this new journal and what its policies should be.93  The trip took its toll on Hammett, who 

had to go to the hospital afterwards for a collapsed lung while White went back to 

Provincetown.  Years later, White recalled that Hammett "had rightly read the pulse of an 

inchoate but nevertheless significant minority of biological thought and that he should be 

encouraged to go ahead with preliminary plans."94 

In the months after their trip to Woods Hole, Hammett began the process of 

establishing a new journal dedicated to the problems of growth and development.  As 

originator of and central protagonist in the project, Hammett was deemed Editor and 

Chief of the new journal by the new editorial committee.  However, the tuberculosis that 

had limited Hammett since 1932 continued to require that he not overburden himself with 

work.  Furthermore, to reinforce the idea that the new journal would not merely be a 

                                                
92 Philip R. White, "The Origins of the Journal Growth," Growth 14 (1950): 258-261.  White's emphasis. 
93 White recalls that at Woods Hole they met with several biologists, but he could remember the names 
only of Edward Adolph and Charles Davenport. 
94 White, "The Origins of the Journal Growth," 1950. 
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'house organ' for LHRI, Hammett and Reimann decided that the journal should be 

published at a different institution where a managing editor would reside.  For the new 

journal, Growth, Hammett and Reimann chose N.J. Berrill of McGill University, a well-

regarded embryologist.95 

For disciplinary editors, Hammett recruited an impressive list of highly regarded 

scientists from several fields.  There were twenty-one editors representing an array of 

disciplines, including anthropology-history, genetics, embryology, philosophy, math-

demography, hormones, nutrition, plant growth, organization, intelligence and learning, 

child growth, and microorganisms.  Hammett acted as the editor for any papers that dealt 

with "chemistry-physics factors" and Reimann was in charge of "pathological growth."  

Recognizable names included the editor for "child growth," Charles Davenport, who had 

spent the majority of his career as the most vocal leader in the United States eugenics 

movement since the 1910s.  Leo Loeb, the younger brother of the famous physiologist 

Jacques Loeb, but also an accomplished scientist in his own right, oversaw the editorship 

of "hormones." As director of the Bernard Free Skin and Cancer Hospital in St. Louis, 

Missouri, Leo Loeb had vested interests in the problem of cancer.  Hammett had also 

recruited three corresponding editors to represent Europe: Julian Huxley from the 

Zoological Society in London, Joseph Needham from Cambridge, England, and Luigi 

Castaldi of the Universita di Cagliari in Italy.96  Between the journal being managed in 

                                                
95 Beyond just a noted embryologist, Norman John (Jack) Berrill (1903 – 1996) is seen as a foundational 
figure in the later evo-devo synthesis by both historians and philosophers of biology as well as scientists.  
See Alan Love, "Explaining Evolutionary Innovation and Novelty: A Historical and Philosophical Study of 
Biological Concepts," (Ph.D. diss., University of Pittsburgh, 2005): section 4.4; Jennifer Huber, et. al, "The 
Evolution of Anural Larvae in Molgulid Ascidians," Cell and Developmental Biology 11 (2000): 419-426. 
96 Julian Huxley later became a prominent figure in the 1960s who contributed to the transition of nuclear 
transplantation from being a laboratory discussion to an ethical and cultural phenomenon.  See chapter 4 for 
more details. 
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Canada and having established overseas editors, it was apparent that Hammett and 

Reimann hoped that Growth would be seen as an important international journal.97   

Overall, the success that Hammett had in bringing these diverse backgrounds together 

underscores the point that a critical mass had been reached in the number of scientists 

interested in the topic of growth.  Clearly some of the scientists involved, such as White, 

did not encounter the publishing problems that Hammett and his staff did.  However, 

Hammett's broad inquiries of professional interest in the topic demonstrated that there 

was indeed a community of substantial size that could sustain and advance discussions on 

the problem of growth.   

Besides being novel in its choice of topic, the journal was managed in an unusual 

way.  To bypass the problems of submission length that he had encountered so often 

personally, Hammett decided that authors would pay for each page of their submission in 

order to fund the journal.  For Hammett, the pay-per-page concept of submission should 

just be factored into the overall research costs of experimentation.98  In addition to 

equipment, chemicals, and travel expenses, a scientist should also be prepared to spend 

more money to submit a longer article if they believed it a necessity.  Hammett's funding 

concept allowed the journal to charge a low subscription fee of $3.50 per year for the 

quarterly journal, which would not have to include any advertisements.99  "To cut it 

straight," Hammett wrote in the frontispiece of the first volume of the journal,  "it is 

                                                
97 Patterson, "Growth," 103. 
98 When the journal began, the charge to the researcher was $2 per page of manuscript.  The author did, 
however, receive 100 free reprints. Hammett also spoke more publicly about his feelings concerning 
journal subscriptions.  See Hammett, "Principles of Scientific Publication," Science 84 (October 2, 1936): 
310-311. 
99 Lawrence Frank and the Macy Foundation, Philip White says, were our "angels," when it came to the 
early financing of the journal. White, "The Origins of the Journal Growth," 
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necessary that the records of scientific work be published in adequate completeness; that 

they be published promptly on completion of the work; and that they be made easily 

available through wide dissemination."100  If nothing else, Hammett envisioned a journal 

that would befit his model of scientific work where the discursive discourse of the 

experiment was favored over the succinctness that most journals required. 

In May 1937, the first issue of Growth, a Journal of Studies of Development and 

Increase appeared.  "Growth is a fundamental and common property of nature," the 

volume began.  Hammett, the author of the introduction, continued by stating that "the 

laws which govern proliferation, differentiation, organization, mass increment, and all or 

any other growth expression of common possession may be assumed to be the same for 

all growing objects regardless of their structural, functional, or other distinguished 

attributes."101  Law-like and universal: that is how Hammett viewed the nature of growth 

and development.  To illuminate and examine the universality of this law would require a 

dedicated journal from which its readership could learn and understand the properties of 

growth and apply these lessons to their own work.  Methodologically – similarly to the 

goals of LHRI – Hammett believed that the study of growth should be performed from a 

variety of perspectives:  

to set forth the determining chemical, physical, and genetic participants in each; to 
expose the process in terms of mathematics, statistics, chemical reaction and 
physical attribute; to state the significance of developmental function; to review 
the accomplishments of the past and proffer suggestions for the future, are one 
and all matters of interest to the student of growth…Such is the basis and purpose 
of the journal Growth.102  
 

                                                
100 Frederick S. Hammett, "Introduction," Growth 1 (1937): 2 
101 Hammett, "Introduction," Growth 1 (1937): 1 
102 Hammett, "Introduction," Growth 1 (1937): 1 
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Though not truly a house-organ journal, Growth clearly embodied the same intellectual 

goals as the institute. 

The first year of the journal was successful.  Later in 1937, a group of the editors 

met at a small inn in Provincetown.  Along with Hammett and the managing editor N.J. 

Berrill, Leigh Hoadley, Richard Scammon, Lawrence Frank, Charles Davenport, Leo 

Loeb, Stuart Courtis, Sam Brody, Otto Rahn, and Philip White all attended.  White later 

remembered that "there was none of the uncertainty and doubt that had been in the 

background at the earlier meeting.  We knew that we were on the right track.  Our 

problems were of means and details."103 Aside from journal-related business, the group 

also discussed the idea of founding a new professional society based on the principles of 

the journal.  Although the group decided to table that idea for the time being to focus on 

the success of the journal, it would not be long before a society would form under the 

auspices of the journal Growth.104 

In early August two years later, the editors of Growth sponsored a symposium on 

the topic of "Development and Growth," held at the North Truro Marine Experimental 

Station.  The symposium had been planned a year earlier when Reimann and Hammett 

met Berrill, Davenport, Hoadley, and White in New York.  They agreed that a 

symposium was necessary to facilitate conversation and to move the scientific 

discussions forward.  Similar scientific symposiums had become popular by the late 

1930s.  Cold Spring Harbor Laboratory in New York, for example, had been holding a 

conference on quantitative biology for a number of years by that point, and the American 

Association for the Advancement of Science was beginning its biological symposia at 
                                                
103 White, "Origins of the Journal Growth" 
104 White, "Origins of the Journal Growth" 
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about the same time.105  The scientists at the small New York meeting anointed Warren 

Lewis as president of the first symposium and declared that Joseph Needham would be 

the foreign guest of honor.106   Editors were polled for their suggestions of speakers, and 

Paul Weiss was appointed organizing secretary.107 

Officially, sixty-five people registered for the first symposium dedicated to the 

idea of growth and development.  Due to the location and time of year, most attendees 

brought their spouses, and a large number of unregistered participants also attended the 

sessions.  In total, Reimann reported that over four hundred people attended the event.108  

The five-day conference was divided into two sessions per day, one in the morning and 

one in the afternoon.  In keeping with the ideals of the journal, Hammett put no limit on 

the length of talks or discussion.  The purpose was to think about growth rather than 

merely report findings about it.  The symposium's first speakers that year included P.W. 

Gregory of the University of California–Davis and Curt Stern of the University of 

Rochester.  C.H. Waddington, from Cambridge, discussed the role of genes in 

development and Joseph Needham, the foreign guest of honor, presented on the 

biochemical aspects of Spemann's organizer.  Other speakers included Otto Glaser, Oscar 

E. Schotte, Edmund Sinnott, and the philosopher J.H. Woodger.  All told, there were 

                                                
105 Jane M. Oppenheimer, "The Growth and Development of Developmental Biology," Major Problems in 
Developmental Biology, ed. M. Locke. The 25th Growth Symposium of the Society for Developmental 
Biology (New York: Academic Press, 1966): 1-27. 
106 By the late 1930s, Joseph Needham was the foremost expert on chemical embryology, a field that had 
developed in the late 1920s-early 1930s.  He, along with a few other like-minded biologists, would be the 
'avant-garde' visionaries of molecular biology, as historian P.G. Abir-Am argues.  See Abir-Am, "The 
Philosophical Background of Joseph Needham's Work in Chemical Embryology," in A Conceptual History 
of Modern Embryology, ed. by Scott F. Gilbert, 159-180 (New York: Plenum Press, 1991). 
107 Patterson, "Growth," 107.  
108 Patterson, "Growth," 109. 
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presentations on a variety of topics including biochemistry, cell division, morphogenesis, 

plants organs, tissue culture, and philosophy.   

Due to the success of the symposium, the conference attendees appointed a 

committee at the end of the conference to plan the next year's symposium and to begin 

the process of creating a society.  Warren Lewis, the president of the first symposium, 

was put in charge of the committee with Paul Weiss acting as secretary and Leigh 

Hoadley as treasurer.  N.J. Berrill, Philip White and E.W. Sinnott sat on the committee as 

members.  Together they made up the first executive committee of the new Growth 

Society, which would sponsor the yearly symposia indefinitely.109  With administrative 

help, again, from the journal Growth, the second symposium was held in June 1940, in 

Salisbury Cove, Maine.110 

Historian of biology and embryologist Jane M. Oppenheimer, who would later 

write about the conference's influence on the field of developmental biology, also 

attended the first symposium.111  As she remembers it, "those of us who were so fortunate 

as to attend those first meetings remember with pleasure their unhurried pace, now no 

longer possible in the days of subsidy by governmental agencies, and the generous 

opportunity for smaller as well as larger groups to exchange ideas in freedom and 

                                                
109 In 1966, the Growth Society would change its name to the Society for Developmental Biology and 
become affiliated with the journal Developmental Biology.  The journal Developmental Biology was 
founded in 1959 by Paul Weiss, Ernst Hadorn and Jean Brachet.  In the mid-1960s, the executive 
committee of the Growth Society approached Weiss and the journal editors to establish a partnership.  After 
a few years of negotiations, it was agreed that the journal would be the official organ of the society, and the 
Growth Society changed its name to the Society for Developmental Biology, to which it is still referred as 
today.  
110 Leigh Hoadley, "Founding of the Society for Study of Development and Growth," Growth 14 (1950) 
111 Oppenheimer, "The Growth and Development of Developmental Biology." See the registered list of 
attendees for the symposium, Society for the Study of Development and Growth, Symposium on 
Development and Growth, ([Philadelphia, etc.] Society for the Study of Development and Growth, 1939).   
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leisure."112  Fond memories aside, Oppenheimer recognized the intellectual and 

institutional leadership of Frederick Hammett and Stanley Reimann in the creation of the 

journal and the society. "With all due respect and gratitude for the very considerable role 

that Hammett's interest and enthusiasm played in giving impetus to the establishment of 

the Institute, of the Journal, and thus the Society," Oppenheimer professed, "we must also 

remember, with equal gratitude, the tremendous contribution made by Reimann 

himself."113 

Historian and developmental biologist Scott Gilbert sees a slightly different 

importance in the first Growth symposium.  In "Cellular Politics: Ernest Everett Just, 

Richard B. Goldschmidt and the Attempt to Reconcile Embryology and Genetics," 

Gilbert portrays the conference as indicative of the pluralistic attitudes of embryologists 

during the 1930s, which he says directly contrast with the rigid methodological adherence 

of geneticists.114  In general, Gilbert's article demonstrates how much of the dispute 

between these two disciplines, particularly during the second quarter of the twentieth 

century, corresponded to these methodological differences, and how the few people who 

attempted to bridge the gap between the two relied on specific approaches.  For that 

reason, the Growth symposium certainly illustrates the diverse approaches embraced by 

embryologists at this time; however, it does not take into consideration the motivations 

behind the creation of this community nor the institutional connections to cancer.  The 

                                                
112 Oppenheimer, "The Growth and Development of Developmental Biology," 4.  Oppenheimer also 
speaks fondly of the excessive amount of lobster that early symposium attendees ate during the early years 
of the conference. 
113 Oppenheimer, "The Growth and Development of Developmental Biology," 5 
114 Scott Gilbert, "Cellular Politics: Ernest Everett Just, Richard B. Goldschmidt and the Attempt to 
Reconcile Embryology and Genetics," in The American Development of Biology, ed. Ronald Rainger, Keith 
R. Benson, and Jane Maienschein (New Brunswick: Rutgers University Press, 1991): 318. 
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significance of the Growth symposiums to the history of nuclear transplantation is that 

they demonstrate the deep connections to cancer research that became embedded into the 

study of growth during these period, and particularly how LHRI helped shape the 

intellectual context in which the earliest nuclear transplantation scientists developed their 

ideas. 

 

Thoroughly Mixed: LHRI, Cancer Research, and a New Developmental Biology 

The history of developmental biology has been discussed in the historical 

literature mainly in regard to its intellectual and methodological progression.  Essentially, 

historians of biology have treated developmental biology in the middle of the century in 

one of three ways.  Some historians describe developmental biology as a refashioning of 

the traditional field of embryology that occurred in the 1940s.115 Another set of historians 

maintains that developmental biology derived out of the combination of embryology with 

the new methodologies of cell biology, molecular biology, and biochemistry.116  Lastly, 

several historians concentrate not on what constituted developmental biology in the 

1930s, but instead focus on when developmental biology began to resemble the qualities 

of the discipline today.  Popular focuses have been on the integration of genetics, 

molecular biology, and growing associations (or disassociations) with evolution.117  

                                                
115 For an excellent example, see Donald Brown, "Developmental Biology has Come of Age," Evolution 
Conservation of Developmental Mechanisms (New York: Wiley-Liss, Inc., 1993): 1 
116 This constitutes the majority opinion of historians. See Viktor Hamburger, The Heritage of 
Experimental Embryology: Hans Spemann and the Organizer (Oxford: Oxford University Press, 1988): vii, 
and articles in A Conceptual History of Modern Embryology, ed. Scott Gilbert (New York: Plenum Press, 
1991). 
117 For example, see Richard M. Burian, Jean Gayon, and Doris T. Zallen, "Boris Ephrussi and the 
Synthesis of Genetics and Embryology," in A Conceptual History of Modern Embryology, ed. Scott Gilbert 
(New York: Plenum Press, 1991): 219; Jason Scott Robert, Embryology, Epigenesis, and Evolution: Taking 
Development Seriously (Cambridge: Cambridge University Press, 2004). For an example of the wide range 
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The narrative that I have described in this chapter, however, illuminates an 

institutional history that prioritizes the problem-centered visions of its earliest 

membership.  As many historians have already noted, developmental biology later 

became intertwined with the methodological power of molecular biology and the ultimate 

questions of evolutionary change.  However, a focus on these disciplinary connections 

undervalues the original intentions of its founders.  Hammett and Reimann's story 

emphasizes the desire to establish a community of researchers focused on promoting a 

topic rather than privileging an approach or methodology.  This early story also 

demonstrates the important role of the history of cancer research in the creation of the 

new field of developmental biology. 

The choice by Reimann and Hammett to focus on growth in the study of cancer 

had a profound effect on the study of developmental biology.  Up to the founding of 

LHRI in the 1920s, growth was almost exclusively under the purview of embryologists 

and their methodologies.  The embryo dominated the discussion, and growth was treated 

through discourses about differentiation and morphogenesis and the various methods 

used to articulate them.118  Biochemical analysis did not even begin to become popular in 

the field until the very end of the 1920s.  Reimann and Hammett's emphasis on studying 

growth from a variety of perspectives went against this tradition. 

                                                                                                                                            
of opinions on when the modernization of the discipline occurred, compare Oppenheimer's history, "The 
Growth and Development of Developmental Biology" to Donald Brown's, "Developmental Biology has 
Come of Age."  Whereas Oppenheimer claims that developmental biology had already become integrated 
by 1960, Donald Brown describes developmental biology during that decade as a "a third-world scientific 
community." For discussions of developmental evolution (or evo-devo), see Manfred Laubichler and Jane 
Maienschein, From Embryology to Evo-Devo: A History of Developmental Evolution (Cambridge, Mass.: 
MIT Press, 2007).   
118 For example, see Hamburger, The Heritage of Experimental Embryology, 1988. 
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The purpose of Reimann and Hammett's investigations was ultimately to uncover 

principles to control cancer, but the discussions and research designs that dominated the 

day-to-day life of the institute concerned the idea of growth more broadly.  The scientific 

articles that most helped their work were scattered across a broad range of journals, 

which were organized across traditional taxonomic and methodological lines.  Moreover, 

before 1937 when the National Cancer Institute was formed, doubling the funding for the 

cancer research in the process, medical professionals and their adherence to clinical 

studies dominated the field of cancer research.  These researchers eschewed basic 

scientific research such as the fundamental studies done at LHRI.  The creation of the 

journal Growth became a way for Reimann and Hammett to organize a community of 

scientists who, from a variety of perspectives, studied the topic of growth.  In doing so, 

Reimann and Hammett actively promoted their vision of cancer research. 

Though cancer did not play an explicit role in the principles of the new journal, 

Reimann and Hammett were not the only people in the society who had close connections 

to cancer research.  Leo Loeb retained a prominent seat on the editorial board of the 

journal for several years.  In 1937, two of the small handful of cancer institute directors 

then in existence sat on the editorial board of Growth. 

In the only other historical analysis of LHRI, Robert Bud presents a history of 

how the Institute for Cancer Research at LHRI (founded in 1944) and Sloan-Kettering 

Institute, the cancer research center founded at Memorial Sloan-Kettering Cancer Center 

(then Memorial Hospital in New York) in 1945, represented a new strategy employed by 

cancer centers in the post-WWII era.  Bud claims that this strategy was based on 

industrial, or organized, research, bringing to bear the models of successful industrial 
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laboratories and applying them to cancer studies.  In doing so, LHRI and Sloan-Kettering 

ushered in the era of big biomedicine and the broad success of chemotherapy and other 

cancer medications that came in the 1960s and 1970s.119  Bud believes that Hammett and 

Reimann's choice of a focused research problem mimicked the industrial research models 

that had been successful for businesses in the early twentieth century.  However, Bud 

focuses mainly on the post-WWII success of LHRI and Sloan-Kettering, and does not 

fully articulate LHRI's history in his post-WWII account.  Moreover, Bud's emphasis on 

the industrial connections to science occupies a core perspective in nearly all of his 

scholarly work, and though industrial models do abound in the history of science, 

problem-centered research such as LHRI's does not necessarily develop from an 

industrial attitude.  As this chapter shows, the personal and intellectual commitments of 

LHRI's founders made the most significant contributions to its mission, none of which 

came from desires to mimic industrial success.  Rather, LHRI originated from individuals 

who believed that complicated problems such as cancer could be articulated only through 

a pluralistic scientific approach.  As I will argue in the next chapter, this core ideal can be 

seen in the genesis of nuclear transplantation techniques, which were developed at the 

institute in the mid-1940s through the collaborations of an embryologist and a geneticist. 

  LHRI changed substantially during the 1940s, moving from seven full-time 

researchers with PhDs in 1940 to nearly fifty by 1949.120 During that time, Hammett and 

Reimann's vision thrived as they brought in scientists from a variety of disciplinary 

perspectives.  In doing so, their operations did become more industry-like because of the 

administrative realities; however, they never abandoned their original goals.   
                                                
119 Bud, "Strategy in American Cancer Research after World War II: A Case Study," 425-459. 
120 Bud, "Strategy in American Cancer Research after World War II: A Case Study," 437. 
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In 1943, a young embryologist, Robert Briggs, was hired.  Briggs received his 

PhD in 1938 under Leigh Hoadley, one of the original committee members of Growth, 

and later served as a postdoctoral fellow under N.J. Berrill at McGill, the first managing 

editor of the journal.  These connections made Briggs intimately familiar with the staff 

and environment at LHRI.  Briggs was also one of the few scientists at the first 

symposium who actually registered, and he attended the conferences yearly as he worked 

on projects relating to the development of cancerous growths in frogs as a postdoctoral 

fellow before moving to LHRI in 1943. 

By the early 1940s, LHRI was home to several seemingly incongruous historical 

threads.  The institute had gone from a unheralded cancer center at its founding to a 

powerful hub of cancer research, without changing its stated goals.  Nationally, cancer 

research had changed from a field dominated mostly by physicians to one that had begun 

to prioritize basic scientific research.  Moreover, LHRI's leaders had successfully 

established a society that specifically complimented the institute's scientific ambitions.  

During the 1940s and early 1950s, Robert Briggs and the research that led to first cloned 

frog would embody and reflect these important influences. 
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Chapter 2 
 

 Embodying Conflict: 
Robert Briggs and the Potential of Nuclear Transplantation 

 
 

 In the spring of 1952, the staff at Lankenau Hospital Research Institute (LHRI) 

mourned the loss of their director and celebrated the success of a life-creating 

experiment.  In April, Frederick Hammett, the only scientific director LHRI had known, 

died.  A month later, LHRI embryologists Robert Briggs and Thomas King published the 

results of the first successful completion of an experiment that in 1938 the Nobel Prize 

winner Hans Spemann had labeled "fantastical."1  Briggs, with help from Thomas King, 

had taken the nucleus from a cell of one frog and transplanted it into an enucleated 

embryo of a different frog.  The resulting embryo was, as envisioned, a genetic duplicate 

of the donor cell.  The technique was called nuclear transplantation in the lab, but just 

over a decade it would become generally known as 'cloning' and would spark public fears 

of the possibility of copying humans.  Briggs and King, however, never had any intention 

of cloning humans.  Though Lankenau's scientific director, Frederick Hammett, had 

passed away, his goals of uncovering and controlling the mechanisms of cancer still 

permeated the direction of the institute and its research.  The goals of the scientists 

performing nuclear transplantation were no exception.  And while Briggs intended for the 

technique of nuclear transplantation to contribute to knowledge about cancer, his work 

also figured into a contentious debate between embryologists and geneticists in the 1930s 

and 1940s that had profound disciplinary consequences for developmental biology.  
                                                
1 See Hans Spemann, Embryonic Development and Induction (New Haven: Yale University Press, 1938): 
211.  Later in the chapter I will explore the long-standing intellectual debates that validated the importance 
of Briggs' nuclear transplantation studies. 



 

 63 

 Developmental biologists who have written historical accounts of nuclear 

transplantation have traced the intellectual origins of the technique back to late-

nineteenth century disciplinary giants such as August Weismann, Wilhelm Roux, and 

Hans Driesch.2  Even in their seminal 1952 paper, Briggs and King drew upon the 

rhetoric of Weismann's work to establish their claims.  "The role of the nucleus in 

embryonic differentiation has been the subject of investigations dating back to the 

beginnings of experimental embryology," Briggs and King wrote.3  Intellectually, there is 

no fault in this genealogy, as the problem of the nucleus' role was originally identified 

during the late 1800s.  However, placing the LHRI research solely within that early 

conversation constricts the historical perspective in a way that overshadows the context 

of Briggs and King.  Yes, the central and basic questions of the nucleus's role remained, 

but the significance of the debate had dramatically changed.  Rather, nuclear transfer was 

a logical experimental procedure designed to answer prevailing questions in embryology, 

genetics, and cancer research in the 1940s, not the 1890s.  For embryologists and 

geneticists in the 1940s, debates about the hereditary capacity of the nucleus and the 

presences of cytoplasmic-specific hereditary units proliferated.  For cancer researchers, it 

had become clear that knowledge of early development, particularly differentiation, could 

provide applicable answers about cancer mechanisms.   

                                                
2 By intellectual origins, I am referring to the origins of the questions that the technique supposedly 
answered, not the origins of the technique itself.  For examples, see M. A. Di Berardino, Genomic Potential 
of Differentiated Cells (New York: Columbia University Press, 1997); Robert Gilmore McKinnell, 
Cloning: A Biologist Reports (Minneapolis: University of Minnesota Press, 1979); McKinnell, Cloning of 
Frogs, Mice, and Other Animals (Minneapolis: University of Minnesota Press, 1985); Robert G. 
McKinnell and Marie Di Berardino, "The Biology of Cloning: History and Rationale," Bioscience 49, no. 
11 (November 1999): 875-85; John Gurdon and J. A. Byrne, "The First Half-Century of Nuclear 
Transplantation," Proceedings of the National Academy of Sciences 100, no. 14 (July 2003): 8048-52. 
3 Robert Briggs and Thomas J. King, "Transplantation of Living Nuclei from Blastula Cells into 
Enucleated Frogs' Eggs," Proceedings of the National Academy of Sciences 38 (May 15, 1952): 455. 
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The 1930s and 1940s were rife with intellectual divisions in biology.  Geneticists 

were on the cusp of uncovering the physical structure of genes, and their research 

program had been successfully institutionalized in the form of academic chairs, 

departments, journals and societies.  Embryologists felt threatened by the 

methodological, conceptual, and sociological onslaught of genetics, and they worked 

hard to promote the significance of their views and methods.  Even with this pushback it 

looked as though embryology might become subsumed into genetics.  Historians of 

biology have highlighted this debate, arguing that the rift between genetics and 

embryology occurred earlier in the century and was precipitated by the work of T.H. 

Morgan, an embryologist-turned-geneticist.4  Historians have also highlighted attempts, 

beginning in the late 1930s, to reconcile the two fields.5  During this time, geneticists and 

                                                
4 There is a substantial literature surrounding this debate, which concerns a major break in the study of 
evolution and heredity.  Previously, the study of heredity included both embryology and transmission (or, 
what became genetics) methodologies.  For prominent examples see Garland Allen, "T. H. Morgan and the 
Split Between Embryology and Genetics, 1910-1935," in Timothy John Horder, Jan Witkowski, and 
Christopher Craig Wylie, eds. A History of Embryology: The Eighth Symposium of the British Society for 
Developmental Biology (Cambridge: Cambridge University Press, 1986): 113-146; Jan Sapp, "The Struggle 
for Authority in the Field of Heredity, 1900-1932, New Perspectives on the Rise of Genetics," Journal of 
the History of Biology 16 (1983): 311-42; and Sapp, Beyond the Gene: Cytoplasmic Inheritance and the 
Struggle for Authority (Oxford: Oxford University Press, 1987). Scott Gilbert, "Bearing Crosses: A 
Historiography of Genetics and Embryology," American Journal of Medical Genetics 76 (1998): 168-82.  
Also, the sources cited in the following note also provide a substantial history of the split. 
5 Historians have tended to focus on the synthesis work of Richard Goldschmidt in the 1930s and 1940s.  
For examples see Scott Gilbert, "Cellular Politics: Ernest Everett Just, Richard B. Goldschmidt and the 
Attempt to Reconcile Embryology and Genetics," in R. Rainger, K. Benson, and J. Maienschein (eds.), The 
American Development of Biology, (New Brunswick; Rutgers University Press, 1988): 311–346; Garland 
Allen, "Opposition to the Mendelian-Chromosome Theory: The Physiological and Developmental Genetics 
of Richard Goldschmidt," Journal of the History of Biology 7 (1974): 749-92; Michael Dietrich, "From 
Hopeful Monsters to Homeotic Effects: Richard Goldschmidt's Integration of Development, Evolution, and 
Genetics," American Zoologist 40 (2000): 738-47; Marsha Richmond, "The Cell as the Basis for Heredity, 
Development, and Evolution: Richard Goldschmidt's Program of Physiological Genetics," in Manfred 
Laubichler and Jane Maienschein, eds., From Embryology to Evo-Devo: A History of Developmental 
Evolution (Cambridge: MIT Press, 2007).  In "Induction and the Origins of Developmental Genetics," A 
Conceptual History of Developmental Biology New York: Plenum Press, 1991), Scott Gilbert points out 
that Salome Gluecksohn-Schoenheimer's and C. H. Waddington's programs had success in bringing 
together genetics and embryology in the 1940s.  In that same volume Richard Burian, Jean Gayon and 
Doris Zallen in "Boris Ephrussi and the Synthesis of Genetics and Embryology" see the work of Boris 
Ephrussi as overlooked in the way that it brought together genetics and embryology after WWII.  There is 
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embryologists both worked with questions concerning the role of the nucleus and 

cytoplasm in development, since the outcome could place one discipline in a prominent 

position over the other.  For instance, did the nucleus retain all hereditary material 

throughout development?  Did the cytoplasm contain important hereditary elements?  If 

so, what was the role of each in development? 

 Robert Briggs stood at a confluence between embryologists and geneticists.  His 

training, research program, and intellectual associations made nuclear transplantation 

studies an obvious and relevant choice for his work in the late 1940s.  As genetics 

advanced into the 1940s, more researchers became interested in the specific action of 

genes rather than just their correlation in phenotypic traits.  This route often led 

geneticists to investigate the role of the chromosomes in development, as they knew that 

genes were associated with the structures but had not yet physically identified the gene 

itself.  Instead of applying genetic approaches to the study of embryology, as had 

generally been the case in the majority of the syntheses that historians have investigated, 

Briggs relied on embryological techniques to explore questions relevant to geneticists.  

Ultimately, nuclear transplantation experiments offered Briggs a way to explore many of 

the questions about the role of the nucleus that both embryologists and geneticists posed, 

delving into issues surrounding the nature of genes in development while also 

contributing to knowledge about cancer.   

Moreover, Briggs fostered relationships with geneticists that had profound 

implications for the history of nuclear transplantation research.  In particular, the 

                                                                                                                                            
also a substantial literature on the break and reconciliation between embryology and evolution that includes 
more than just genetics.  For more information see Manfred Laubichler and Jane Maienschein, eds., From 
Embryology to Evo-Devo: A History of Developmental Evolution (Cambridge: MIT Press, 2007). 
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geneticists C.L. Huskins and Jack Schultz played integral roles in shaping the ideas of 

Briggs and his team.  The interplay between the gene-centered views of Schultz and 

Huskins and the development-focused background of Briggs reinforces arguments by 

historians of biology that the study of heredity had split earlier in the century and was still 

divisive at that time.  However, the history of nuclear transplantation provides an 

alternative narrative to the synthesis, or lack thereof, of genetics and embryology in the 

1940s.  The story of the collaboration of Briggs and Schultz underscores their differing 

perspectives on heredity, but also demonstrates how, despite their different approaches, 

LHRI's shared goal united genetics and embryology in a way that historians of biology 

have not heretofore seen occurring at disciplinary and institutional levels.  Such 

contingent associations had important practical implications for biological research.  In 

effect, the problem-centered approach of the institute avoided the institutional and 

sociological ramifications present in traditionally disciplinarily structured academic 

environments and allowed Briggs and King to work within a research system that 

included traditional perspectives from both genetics and embryology.  Additionally, 

nuclear transplantation highlights the roles of theory and experiment in the interplay 

between geneticists and embryologists.  Though Schultz contributed to the development 

of nuclear transplantation on a theoretical level, it was the experimental practice of 

Briggs that was ultimately responsible for its success. 

The story of the development of nuclear transplantation also exposes the 

misleading way in which basic versus applied research has often been juxtaposed by 

historians.  Instead, the narrative illustrates how the lines between basic and applied 
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research were often very fluid during the middle of the century.6  While nuclear 

transplantation sought to answer 'basic' questions about the nature of development and 

the role of the genome, Briggs also intended the experiment to have applications to 

cancer research.  I argue that the problem-centered model of LHRI allowed researchers to 

focus on the immediate and relative value of their work rather than getting bogged down 

by the theoretical debates concerning the validity of a gene-obsessed view to which it 

applied.  Ultimately, scientists working within a cancer-research model explored what 

historians might label as 'fundamental' questions about the nature of the world while 

incorporating goals for their work to be applied to uncovering and controlling the 

mechanisms of cancer.7  The outcomes of such work could often favor one motivation 

over another; however, that did not change the fact that both were used to justify the 

experiment in the first place.  In fact, previous histories of cloning have often overlooked 

the context of cancer research, rarely acknowledging the influence of the institution in 

which the work took place or, in this case, Briggs' past research dealing with cancer.8  

                                                
6 This is similarly expressed in the recent historiography of applied vs. basic science. See Sabine Clarke, 
"Pure Science with a Practical Aim: The Meanings of Fundamental Research in Britain, circa 1916-1950," 
Isis 101 (2010): 285-311. 
7 The question of basic/fundamental and applied research was even one that cancer funding agencies dealt 
with during the same time period.  Ultimately, the debate mirrored the national conversation that occurred 
in the following decade over initiating substantial federal funding for science.  For instance, how do you 
validate the use of public funds for research that has no immediate use?  Many of the issues were discussed 
in Vannevar Bush, Science, the Endless Frontier: A Report to the President (Washington, D.C.: Govt. 
Print. Off., 1945). For discussions about issues of federal funding for science during the twentieth century 
and other similar subjects, see Jessica Wang, Science in the Age of Anxiety: Anticommunism and the Cold 
War (Chapel Hill, N.C.: University of North Carolina Press, 1999).   
8 See Gina Bari Kolata, Clone: The Road to Dolly, and the Path Ahead (New York: W. Morrow & Co., 
1998), M. A. DiBerardino, Genomic Potential of Differentiated Cells and Robert Gilmore McKinnell, 
Cloning: Nuclear Transplantation in Amphibia (Minneapolis: University of Minnesota Press, 1978).  Di 
Berardino does discuss the importance of cancer in nuclear transplantation research; however, the 
importance comes from the way in which working with cancerous cells has helped elucidate several key 
aspects of somatic nuclei potential.  It does not reflect the way in which the goal of cancer research 
influenced the development of the technique.  McKinnell refers to cancer in a similar manner, though 
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Furthermore, Briggs and King did not incorporate the combative language used by 

embryologists and geneticists involved in the debate over developmental control in the 

previous decade.9  Perhaps due to the lack of polemical attitudes, both geneticists and 

embryologists lauded nuclear transplantation research for its quality. 

This chapter explores the historical events and context that led to the first 

successful nuclear transplantation experiments in 1952.  I begin in the early 1940s, when 

LHRI rapidly expanded its faculty, facilities, and research.  One of the first hires during 

this expansion was Robert Briggs, a young embryologist who embodied LHRI's 

institutional and intellectual ties to the budding fields of developmental biology and 

cancer research.  At about the same time that Briggs was hired, LHRI also brought in an 

established geneticist, Jack Schultz.  I analyze the background of both researchers and 

discuss how their interactions influenced the formation of Briggs' ideas for nuclear 

transplantation, while emphasizing the role that cancer played in their motivations.   

In the subsequent section I explore the intellectual context within which nuclear 

transplantation has traditionally been placed and argue that it is better understood as a 

part of a framework that deals with the tensions between genetics and embryology.  In the 

final section I will show how Briggs and King's work reflected this tension and promoted 

a non-confrontational integration of ideas through the employment of rhetoric that tapped 

into long-standing questions in the history of the discipline. 

  

                                                                                                                                            
ironically, his career mirrors this false dichotomy of basic versus applied, since he himself sought to answer 
basic questions that were specifically relevant to cancer research and could potentially "cure" cancer. 
9 Scott Gilbert sees religious overtones in the embryology/genetics debate, which he calls "the 
supersessionist paradigm." (Gilbert, "Bearing Crosses").  Similarly, in Beyond the Gene, Sapp sees 
language that reflects the 'struggle for authority' between the two disciplines. 



 

 69 

The Expansion of LHRI: New Scientists, Same Direction 

 If the 1930s had been characterized by the struggles for recognition at LHRI, then 

the 1940s reflect the complete success of its research program.  As I showed in chapter 

one, the study of growth had become decidedly organized with the realization of the 

journal Growth, the continued expansion of yearly symposiums, and the establishment of 

a new society dedicated to the study of growth and development, which later became the 

Society for Developmental Biology.  Institutionally, national cancer centers and funding 

agencies had bought into the idea that research into the nature of growth, both normal and 

abnormal, was a necessary area for cancer research. 

 With the recognition and success of their research program, LHRI directors 

Stanley Reimann and Frederick Hammett began to obtain a considerable amount of new 

funding in the early 1940s that allowed them to expand their institute, both in facilities 

and in the number (and specialization) of researchers.  Support came not only in the form 

of financial backing but also as administrative encouragement.  In 1942, the board of 

trustees of Lankenau Hospital appointed a new chairman, Philip T. Sharples, to oversee 

the research committee for the hospital's board of trustees.10  Sharples, whose family had 

made its fortune in the dairy business, had ambitious visions of expanding Lankenau's 

research institute.  Sharples promised Reimann institutional support and pushed him to 

hire more scientists and add to the research program.  Though the board was not always 

able to provide the financial backing that Sharples promised, Reimann was often able to 

fall back on private funding. 

                                                
10 Elizabeth Patterson, "Growth – The Early History of a Cancer Research Institute: 1927-1957 [1984]," 
TMs (photocopy), Archival Material, FCCC Archives, Fox Chase, PA: 173 – 211. 
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 At about the same time that Philip Sharples assumed power within the board of 

trustees, Reimann secured financial backing from two significant sources.  First, the 

wealthy Pew family, which owned the Sun Oil Company, became interested in Reimann's 

work.  Two sisters, Mary Ethel and Mabel Pew, managed the charitable contributions of 

the family and became large financial backers of the institute, allowing Reimann to hire 

several scientists in 1942 and 1943.11   Secondly, in 1943 the wealthy, and long-time 

benefactor, Anna C. Burr died, and her will mandated the yearly income of her estate to 

be donated to LHRI.12 

 The consequence of these administrative and financial benefactors was the 

significant increase in the size and scope of LHRI.  In 1941, LHRI employed 20 workers, 

which included assistants and technicians as well as a handful of PhDs.  At the time, the 

institute was entirely supported by a budget of $46,000.  In contrast, by 1945 LHRI's 

budget had more than doubled to $106,000 and the staff had swelled to 34 workers, 

including many highly qualified and nationally recognized researchers.13  Several of the 

hires that occurred between 1942 and 1945 helped solidify LHRI as one of the most 

prominent cancer research centers in the United States.14 

                                                
11 At the end of the 1940s, the Pew Family would fund the building of a new facility, which moved the 
institute to Fox Chase, a suburb just north of the city.   
12 Patterson, "Growth," 176.  
13 Patterson, "Growth," 174, 288.  The trend continued, and by 1950, LHRI's budget was $492,000 and the 
staff included 30 PhDs, 3 research fellows, 33 research assistants, 18 laboratory workers, and 10 
administrative staff.   
14 LHRI also increased its national prominence by rebranding the institute.  To increase funding, Philip 
Sharples recommended the creation of a new institute, one that had the word "cancer" in the name.  The 
new institute, however, would really be only an administrative entity, and the day-to-day operations of 
LHRI would not change.  Sharples knew that it would be easier to raise money for a specific cancer 
organization rather than simply a research institute, even if the institute specialized in cancer.  In 1945, the 
plan was officially carried out and the Institute for Cancer Research (ICR) was created as separate 
administrative entity, complete with its own board of trustees.  This last point was particularly important, 
since it divorced some of the general hospital interests from the interests of LHRI's mission.  Often, the 



 

 71 

In 1942 and 1943, Reimann and Hammett hired two researchers who would 

greatly enhance the reputation of LHRI in the coming decade.  The first, Robert Briggs, 

was a young embryologist whose work at the Institute would propel him to international 

recognition.  The second, Jack Schultz, was already one of the leading geneticists in the 

country, whose intellectual pedigree and contributions to the field immediately delivered 

more credibility to LHRI as a serious and powerful player in the field of cancer research.  

 Hammett and Reimann had long desired a biologist on staff, and they strongly 

believed that embryology could make profound contributions to the field of cancer 

research.15  Taking advantage of the new support in 1942, Reimann and Hammett talked 

to many embryologists about a position, and Briggs proved to have the skills, interests, 

and connections that complemented the mission of LHRI.16  

 Robert Briggs was born in 1911 and grew up in a small town in New Hampshire.  

After completing high school, Briggs went to Boston University in 1930.  Briggs spent 

his collegiate career completing course work for degrees that he thought would make him 

immediately employable, first in the business school and later in the School of Education.  

An education degree suited Briggs, if only for the fact that it allowed him freedom to take 

                                                                                                                                            
goals and needs of the hospital (i.e., the need for more beds, nurses, doctors) conflicted with LHRI's needs, 
which included laboratory space, animal colonies, and expensive research equipment.  Sharples instilled 
himself as head of the board of trustees of the new ICR, and continued to support and push the research 
directions and agendas.  Often, researchers at the institution had to identify themselves as a part of both 
LHRI and ICR so as not to confuse anyone (for example, Robert Briggs of the Institute for Cancer 
Research at the Lankenau Hospital Research Institute).  To avoid confusion I will simply refer to the 
institute as LHRI.  It also should be noted that ten years later Sharpless's visions were deemed inappropriate 
and led to a massive reorganization of LHRI, including the decision by Robert Briggs to leave for a 
position at Indiana University.  For more details see Elizabeth Patterson's unpublished history, "Growth": 
404. 
15 Frederick Hammett to Stanley Reimann, March 17, 1936.  Folder: "1936 Marine Experimental Station 
Reimann/Hammett Correspondence," FCCC Archives.  Hammett had been consistently asking Reimann to 
hire a biologist since 1936.  The original strength of the research staff was in biochemistry, and they 
specialized in exploring the chemical nature of growth. Embryology was one of the first disciplines that 
they wanted to begin working with once they had the money to expand. 
16 Patterson, "Growth," 175. 
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a significant number of electives, most of which were in biology, chemistry, and physics.  

Briggs graduated in the summer of 1934.  Finding teaching job prospects lacking, Briggs 

looked into the possibility of attending graduate school at Harvard.  After a quick visit to 

the admissions office that June, where the associate dean admitted him merely on the 

basis of the thirty-minute conversation they had in his office that day, Briggs began his 

graduate career in biology at Harvard in the fall of 1934.17 

At Harvard, Briggs worked under the tutelage of embryologist Leigh Hoadley.18  

During the mid-1930s, Harvard's prominence in several biological fields was waning, 

particularly in its previous strength of genetics.  William Ernst Castle and Edward 

Murray East, important geneticists who had played prominent roles in the development of 

the discipline, had retired in the mid-1930s.19  George Beadle had spent 1936 at Harvard, 

                                                
17 Robert Briggs to Allen V. Astin, December 21, 1974.  Folder: "Dr. R. Briggs, Embryology."  FCCC 
Archives.  This letter represents Briggs' intended response to a previous letter from Allen Astin, who had 
requested biographical data from Briggs for use by the National Academy of Sciences.  In a note to Betty 
Patterson in 1977, Briggs says that he never sent the letter nor ever replied to Allen Astin concerning his 
request.  The unfinished letter, however, is substantially complete and full of rich details even though 
Briggs says it was "composed (so to speak) at the typewriter" and was merely a first draft. 
18 Trained at the University of Chicago, Hoadley had worked closely with F. R. Lillie, an influential leader 
during the first half of the twentieth century who, in his lengthy career, occupied posts as director of the 
Marine Biological Laboratory in Woods Hole and chairman of both the National Academy of Sciences and 
the National Research Council.  For a more complete biographical treatment of Lillie, see Ray Leighton 
Watterson, "The Striking Influence of the Leadership, Research, and Teaching of Frank R. Lillie (1870-
1947) in Zoology, Embryology and Other Biological Sciences," American Zoologist 19 (1979): 1275-87.  It 
should be noted that Lillie's influence was profound, not just in his administrative success, but also because 
his intellectual work.  For instance, he was a great friend and mentor to fellow biologists such as T. H. 
Morgan. Historian Garland Allen argues that Lillie did not believe that the gene theory spoke to the 
problems of embryogenesis, reflecting the split between embryology and genetics that Morgan contributed 
to in the period between 1910 and 1935.  See Garland Allen, "T. H. Morgan and the Split Between 
Embryology and Genetics, 1910-1935."  For a different, though no less important, discussion concerning F. 
R. Lillie, see Jane Maienschein, "Cell Lineage, Ancestral Reminiscence, and the Biogenetic Law," Journal 
of the History of Biology 11 (1978):129-58.  Here Maienschein argues that Lillie was the first to put 
forward our current understanding of Ernst Haeckel's 'biogenetic law' by showing that ontogeny was a 
product of historical and adaptive sources.  Overall, Lillie's work intersected, and had profound effects 
upon, the fields of embryology, genetics, and evolution.  As I show later, the work of Lillie's intellectual 
grandson, Robert Briggs, represents a unique and overlooked way in which genetics and embryology were 
brought back together in the 1950s.   
19 Though genetics seemed to be waning slightly at Harvard, it was a product only of Harvard's early 
leadership in establishing genetics as a major force in academia in the first part of the century. As Jan Sapp 
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but received little support from the faculty and left for a position at Stanford after one 

year.  Overall, Briggs said, "In some critical areas of biology the training at Harvard at 

that time was rather poor."20  However, Briggs believed that the talent of his fellow 

classmates tended to make up for the lack of training, particularly Keith Porter, Robert 

Calambos, Donald Griffin, Talbot Waterman, and Kenneth and John Raper.21   

Briggs' dissertation work at Harvard focused on the metabolic and density 

changes occurring in the development of the North American leopard frog, Rana 

pipiens.22  Following the lead of Joseph Needham, in whose research program he 

contextualized his dissertation, Briggs attempted to find a way to experimentally 

disassociate developmental processes.23  In the 1930s, embryologists believed that the 

developmental processes of differentiation, growth, and metabolism were separate 

mechanisms; however, they had no way of disassociating these processes in order to 
                                                                                                                                            
points out in "The Struggle for Authority in the Field of Heredity, 1900-1932," genetics became 
institutionalized between 1914 and 1932 with the help of biologist such as East and Castle at Harvard.  
Several institutional structures were created that cemented genetics as an authority in biology including 
academic chairs, journals, and societies.  Moreover, geneticists such as T. H. Morgan, Castle and East 
produced a bevy of graduate students, which secured the place of genetics within the broad field of biology.  
Thus, the waning of genetics at Harvard in the mid-1930s merely reflects the vacuum that was left behind 
when Castle and East retired, not an abandonment or backwardness of the program. 
20 Robert Briggs to Allen V. Astin, December 21, 1974: 3.  Folder: "Dr. R. Briggs, Embryology." FCCC 
Archives. 
21 Robert Briggs to Allen V. Astin, December 21, 1974: 3.  Folder: "Dr. R. Briggs, Embryology." FCCC 
Archives.  Though Briggs may have thought that his training was poor in some areas, the considerable 
success, besides his own, of fellow students such as Keith Porter clearly show that Harvard provided ample 
training.  In particular, one can assume that Hoadley imparted good experimental embryology techniques, 
as both Briggs and Porter went on to do work that required considerable experimental proficiency.   
22 Briggs worked with Rana pipiens for the first half of his career, which encompassed his later work on 
nuclear transplantation.  In the late 1950s, nuclear transplantation techniques were used on other organisms, 
which created a debate about the use of experimental organisms.  For more information about the use of 
Rana pipiens in nuclear transplantation research, see chapter three. 
23 See Joseph Needham, "On the Dissociability of the Fundamental Processes in Ontogenesis," Biological 
Reviews 8 (1933): 180.  Joseph Needham was an important chemical embryologist in the 1930s, working 
mostly in Cambridge, UK with a team of researchers focused on uncovering the chemical signals involved 
in development.  In 1942 he published a highly touted monograph Biochemistry and Morphogenesis, and 
that same year he left embryology for a position in China where he focused on the history of Chinese 
science and technology.  See Victor Hamburger, The Heritage of Experimental Embryology: Hans 
Spemann and the Organizer (Oxford: Oxford University Press, 1988).  
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study them.  In his work, Briggs attempted to create an experimental system to pull apart 

these processes by controlling for temperature.24  Later, Briggs described this work as a 

part of the burgeoning field of developmental physiology, but he was not particularly 

interested in pursuing that line of research.  Briggs' dissertation work, however, shows an 

early interest in applying new techniques to embryological problems.  Clearly, the 

chemical embryology of Needham and A. Tyler offered some initial inspiration to work 

with some of the newer methods in embryology, even if he decided to abandon that 

particular direction afterwards.  This inclination to work with new approaches in 

embryology would be evident in the next phase in his career. 

Needham, whose research tradition Briggs followed, has been identified as an 

unusually introspective biologist.  Needham was particularly interested in methodology 

and reflected on the experimental power of reductionist philosophies of physical 

scientists as opposed to the more holistic perspectives of biology.  Historian Pnina Abir-

Am has argued that Needham's chemical embryology attempted to reconcile, both 

philosophically and experimentally, the physical-mechanical nature of chemistry and 

what she calls the "organicist metaphysics in biology," particularly referring to 

embryology.25  Additionally, Scott Gilbert points out that Needham "remarked that while 

holism was undoubtedly the superior philosophy; reductionism provided results that one 

                                                
24 Robert W. Briggs, "Changes in the Density of the Frog Embryo (Rana pipiens) During Development," 
Journal of Cellular and Comparative Physiology 13 (1939): 77-89.   Joseph Needham spoke favorably 
about Briggs' work in his noted 1942 monograph Biochemistry and Morphogenesis (Cambridge: 
Cambridge University Press, 1942). 
25 P.G. Abir-Am, "The Philosophical Background of Joseph Needham's work in Chemical Embryology," in 
Scott Gilbert, ed. A Conceptual History of Modern Embryology, 173.  In particular, Abir-Am details the 
relationship that Needham had with philosopher Joseph Henry Woodger and their attempt to theoretically 
merge biology and physics in a way that would not be totally reductionist. 
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could build on."26  For Gilbert, Needham's sentiment illustrated the problems that some 

embryologists had with the popular theories of morphogenetic fields, for which 

prominent biologists such as Paul Weiss had argued.27  While these theories held some 

new explanatory power, Needham and others realized that the field concept in 

embryology restricted scientists' ability to experimentally work with the embryo since 

fields worked with whole entities and breaking the cell into components would not be 

productive.28  Since Briggs published his dissertation work at about the same time as 

morphogenetic field concept was at its peak, one can assume that Briggs was also more 

inclined towards embryological theories that strove to disassociate the complex 

mechanisms of development rather than assume most actions were emergent properties of 

the whole.29 

In 1938, Briggs left Harvard for a research associate position under N. J. Berrill at 

McGill University.  Berrill had secured funds from the International Cancer Research 

Foundation to re-investigate the work done by Emil Witschi.  Witschi had shown that 

there was an increased number of abnormal growths in frogs that had developed from 

eggs that had been held for a long period of time in oviducts (in essence, the eggs were 

'over-ripe').30 Briggs completed the investigations, confirming the conclusions that 

                                                
26 Gilbert, "Bearing Crosses," 178. 
27 Paul A. Weiss, Principles of Development (New York: Henry Holt and Company, 1939).  Morphogenetic 
fields were meant to explain how order, such as cell polarity for instance, could emerge out of complete 
disorder.  The original work is grounded in the limb regeneration experiments conducted by Ross Harrison 
in the 1910s. 
28 Gilbert, "Bearing Crosses," 178. 
29 As already cited in previous notes, a good portion of Briggs' dissertation was published in 1939, the year 
after Paul Weiss published his work, Principles of Development, which Gilbert claims "popularized this 
concept as a field and used it as an organizing concept for all of embryology." Gilbert, "Bearing Crosses," 
177. 
30 Witschi's research program was designed around the investigation of sex determination, and his early 
work focused on the movement and differentiation of sex cells during development.  See Aubrey Gorbman, 
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Witschi had made earlier.  Extending the research, Briggs began to work with the cancer-

like growths produced in the early development stages from over-ripe eggs.  Briggs 

transplanted the cancerous cells, which he described as papilloma-like, into normally 

developing embryos.  Briggs found that the cancerous cells were easily incorporated into 

normal development and concluded that they should not be considered malignant, or even 

cancerous, in any sense. 

In the 1930s, transplantation experiments dominated embryology.  Joseph 

Needham referred to this type of research program as Gestaltungsgesetze (i.e., "finding 

the laws of ordered form") since embryologists used the methods to understand the 

underlying mechanisms of how complex structures formed through the physical 

manipulation of the embryo.31  Other prominent embryologists involved in this type of 

work included Sven Hörstadius, Hans Spemann, Ross Harrison, Paul Weiss, and 

Johannes Holtfreter – embryologists who led the discipline in the 1930s.32  Briggs' work 

at McGill fits neatly within the embryology discipline of the 1930s, and Briggs would 

continue to apply these methods in his work of the 1940s and 1950s. 

 The successful cell-transplantation experiments of his first study at McGill 

prompted Briggs to begin another research project while working with Berrill.  To stay in 

line with the cancer research grant, Briggs began to transplant cells from malignant 

tumors into early stage embryos.  Briggs knew that embryos were excellent at controlling 
                                                                                                                                            
"Emil Witschi and the Problem of Vertebrate Sexual Differentiation," American Zoologist 19 (1979): 1261-
70.  Briggs also briefly explains Witschi's work in his autobiographical reflections: see Robert Briggs to 
Allen V. Astin, December 21, 1974.  Folder: "Dr. R. Briggs, Embryology." FCCC Archives. 
31 Joseph Needham, Order and Life (New Haven, CT: Yale University Press, 1936): 99.  As quoted in 
Gilbert, "Bearing Crosses," 174. 
32 See Gilbert, "Bearing Crosses," 174.  Gilbert argues that this type of transplantation research dominated 
the 1930s and was contrary to the research program that geneticists hoped embryologists would work on, 
which was essentially was the idea of gene expression.  Gilbert uses this example to underscore the 
divisions between embryology and genetics at this time. 
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cell growth and mitotic rates and wondered if these embryonic properties would be able 

to control the unmitigated growth rates of cancer cells.  Briggs used well-characterized 

renal, or kidney, cancer of frogs to do his experiments.  Taking cells of the malignant 

tumor and transplanting them into various areas and stages of early tadpole growth, 

Briggs found that as soon as the frog began metamorphosing the tumors would disappear.  

Through careful investigation, Briggs found that the cause of the tumor disappearance 

was due to the emergence of the immunological system, a process significantly different 

from metamorphosis.33  As in his earlier work, Briggs experimentally isolated some of 

the different processes that occurred during development.  In this later experiment, 

however, Briggs utilized cancer cells as the mechanism for disassociating the processes.  

Just as early experimental embryologists broke and disrupted embryos as a way to gain 

knowledge about early development, Briggs used the abnormal nature of cancer to 

uncover later-stage development.  In the case above, cancer helped elucidate the 

development of metamorphosis and the immunological system in amphibians. 

 Given the work that Briggs had been doing at McGill, it is not surprising that 

Reimann and Hammett hired him to work at LHRI.  Briggs' work clearly fit into the 

program that Reimann and Hammett had set out.  At McGill, Briggs had created research 

questions that both explored basic embryological questions and contributed to knowledge 

about cancer.  He was not consumed with exploring its etiology; rather, his work focused 

on the mechanisms underlying growth in relation to cancer.  Furthermore, Briggs' 

doctoral work dovetailed nicely with the experiments that Hammett's team had been 

                                                
33 Briggs came to this conclusion after comparing some of his results to Emerson's experiments on skin 
grafts.  Emerson had concluded that the rejection of skin grafts, even if they were of normal tissue, were the 
result of the maturation of the immune system.  Briggs later would take up his own skin graft experiments 
during World War II. 
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exploring throughout the 1930s when they isolated and experimented with the effect of 

amino acids in early development.  Essentially, the experiments of both Briggs and 

Hammett focused on metabolic activities in growth.  Moreover, Briggs had learned to 

design his projects to fulfill the expectations that came along with receiving cancer-

related funding, showing genuine interest in the problems associated with cancer and 

growth.34  

 Briggs also benefited from having institutional connections to LHRI.  N. J. Berrill 

was managing editor of the journal Growth, which Hammett and Reimann had founded a 

few years earlier.  Reimann, Hammett, and Briggs had all been attending the summer 

symposia on growth and development, which Hammett had facilitated in the late 1930s.  

Leigh Hoadley, Briggs' advisor, also sat on Growth's editorial board.  

 During the same summer in which Briggs was being brought into the fold at 

LHRI, Reimann and Hammett were also courting the renowned geneticist Jack Schultz.  

In May 1942, Hammett wrote to Schultz, who was at the California Institute of 

Technology at the time, to inquire about his interest in coming to work at LHRI.  

Hammett said that they were looking for "a biologist well founded in chemistry and 

having a working interest in genetics and experimental embryology."  However, 

Hammett was looking for more than that.  In the same letter, Hammett hinted that he 

would be retiring soon and someone would need to eventually replace him.35  Hammett's 

                                                
34 This seems clear not only from the type of work Briggs did, but was also corroborated in a recent oral 
history by the author with a long-time colleague of Briggs, Marie Di Berardino.  See Marie D. Berardino, 
interview by author, digital recording, Haverford, Pa., March 2, 2011. 
35 Frederick Hammett to Jack Schultz, May 12, 1942.  Folder: "Reimann-Schultz correspondence 1942, 
1943, 1944," FCCC Archives. 
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health had been deteriorating steadily throughout the 1930s, and it was becoming clearer 

that a new scientific director of the institute would be needed within the next few years. 

 Jack Schultz fit the profile that Hammett and Reimann were looking for.  The last 

student of the famed T. H. Morgan, Schultz had received his PhD in 1929 from Columbia 

University.  He had moved with Morgan to California Institute of Technology in 1928 

and had been strongly influenced by the social structure of Morgan's "Fly Room."  In 

particular, Schultz embodied the non-competitive, collaborative interaction that 

characterized the way in which the famed Fly Room worked.36  In his doctoral work, 

Schultz elucidated how a class of mutations called Minute genes worked in Drosophila.37  

Essentially, Schultz found that there were a large number of independent mutations that 

occurred in several different points (loci) in the genome, all of which led to a similar 

physical feature during development.  Schultz concluded that the Minute mutations 

affected genes that controlled growth patterns, thus making claims relevant to both 

geneticists and embryologists.38 At the end of his graduate career, Schultz began working 

closely with Selig Hecht, a biophysicist who inspired him to apply more physical and 

chemical methodologies to the study of biology.39 

                                                
36 Other students, and in particular H. J. Muller, who had gone through Morgan's laboratory, had not 
responded so well to the way in which ideas were shared and credit was established purely through 
publication rather than originality of idea.  For more discussion about the social structure of Morgan's 
laboratory, see Robert Kohler, Lords of the Fly: Drosophila Genetics and the Experimental Life (Chicago: 
University of Chicago Press, 1994).   
37 J. Schultz, "The Minute Reaction in the Development of Drosophila melanogaster," Genetics 14 (1929): 
366-419. 
38 Thus turned out to be an erroneous claim, and today Minute mutations have been shown to affect 
ribosomal RNA.  See Kritaya Kongsuwan, et. al., "A Drosophila Minute Gene Encodes a Ribosomal 
Protein," Nature 317 (October 10, 1985): 555-58.  
39 In particular, Schultz and Hecht applied spectrophotometric tools in the study eye color in Drosophila.  
This work pointed to a metabolic connection between genes and proteins, which anticipated the important 
work done by Boris Ephrussi and George W. Beadle in 1935 and Beadle and Edward Tatum in 1941, which 
established the one gene-one enzyme hypothesis.  Boris Ephrussi is also heralded as a pioneer who helped 
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Over the next decade, Schultz collaborated with several others as he tried to 

clarify the nature and function of the genome through genetic and physicochemical 

techniques.  He stayed at the Cal Tech laboratory and worked closely with Morgan, 

Calvin Bridges, Theodosius Dobzhansky and others.40  Schultz was fascinated with the 

chemical nature of genes but was frustrated with the cytochemical techniques available to 

him for research.  In an effort to work with more effective methods, in 1937 Schultz 

joined Torbjörn Caspersson in Sweden to study nucleoproteins using a new technique of 

ultraviolet microspectrophotometry.41  Caspersson and Shultz gained significant results 

from this collaboration, and when Schultz returned to the United States in 1939 he began 

to earnestly look for money to procure the spectrophotometry equipment.42   

In the late 1930s, however, American institutions provided little money for such 

expensive equipment.  One of the reasons that Drosophila work had become so popular 

was because of its inexpensive nature; bottles and bananas were the only things needed to 

keep fruit flies alive.43  Schultz had trouble finding a laboratory that would fund his 

research program, and he returned briefly back to Cal Tech after his sojourn in 

Stockholm (Schultz left Europe just as World War II was beginning, managing to catch 

                                                                                                                                            
bridge the gap between embryology and genetics. See Richard M. Burian, Jean Gayon, and Doris T. Zallen, 
"Boris Ephrussi and the Synthesis of Genetics and Embryology" in A Conceptual History of Modern 
Embryology, ed. Scott F. Gilbert, (New York: Plenum Press, 1991). 
40 T. F. Anderson, "Jack Schultz (1904-1971)," Genetics 81 (1975): 1-7. 
41 George Rudkin, "Obituaries: Jack Schultz, 7 May 1904 – 29 April 1971," Genetics Supplement (1971): 
97-98.  
42 More specifically, Schultz and Caspersson's work focused on the metabolic activity of two kinds of 
nucleic acids (what later became known as RNA and DNA).  Schultz published some of these results, and 
particularly the theoretical ideas that he gleaned from them, in "The Evidence of the Nucleoprotein Nature 
of the Gene," Cold Spring Harbor Symposia on Quantitative Biology 9 (1941): 55-65. 
43 These were not the only reasons, of course, and for a more historical discussion of how Drosophila 
became a model organism, see Robert Kohler, Lords of the Fly: Drosophila Genetics and the Experimental 
Life. 
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one of the last civilian boats back to America).44 Soon after, Hammett and Reimann 

offered Schultz the freedom and the laboratory equipment needed to conduct his 

research.45  For Schultz, and for many of the other scientists that Hammett and Reimann 

brought in during the 1940s, LHRI offered an appealing opportunity.  Devoid of the 

responsibilities that went along with a faculty position, a full-time research position at 

LHRI offered a fully outfitted laboratory, including a support staff of technicians and 

shop workers, and proximity to other major laboratories such as the Wistar Institute and 

the University of Pennsylvania.   

By the fall of 1943, Reimann and Hammett had strengthened their biology 

department substantially.  They had parlayed the support provided by their board and 

from endowments into a broadened research group that went beyond the chemical studies 

that dominated the first fifteen years of the institute's research program.  Briggs brought 

embryology experience to the study of growth, both normal and abnormal, with a focus 

on cancer.  Schultz brought international recognition as one of the foremost geneticists in 

the world, and had interests in uncovering through a physicochemical approach the 

mechanisms that genes played in development.  The work that he did early in his career 

had implications for the budding discipline of developmental genetics, while the 

physicochemical methodology that he favored fit in well with the chemistry background 

of Hammett and the majority of PhDs on staff at LHRI. 

                                                
44 T. F. Anderson, "Jack Schultz: (1904-1971)," Genetics 81 (1975): 4. 
45 Jack Schultz to Stanley Reimann, July 26, 1942. Folder: "Reimann-Schultz Correspondence, 1942, 1943, 
1944," FCCC Archives.  In this letter, Schultz repeats the conditions so as to verify the offer.  Besides the 
promise of the ultraviolet apparatus, Reimann and Hammett also promised that Schultz could have a 
physicist as an assistant, that the biochemists at LHRI would begin to study nucleoproteins, and that the 
general problem they would work on was "the chemistry of growth, with emphasis, in Hammett's phrase, 
on cytoplasmic synthesis." It seems that Hammett and Reimann also told Schultz that his wife, Helen 
Redfield Schultz, an accomplished scientist in her own right, could receive funding as well. 
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As the two main biologists on staff, it did not take long for Schultz and Briggs to 

become close collaborators.  The United States was fully involved in World War II by the 

time that Briggs and Schultz began to correspond in the spring of 1943.  Schultz knew 

that he would be moving to LHRI in the summer and hoped to establish a connection 

with Briggs.46  They immediately began to discuss the possibility of applying for funding 

for research through the Office of Scientific Research and Development (OSRD), settling 

on the idea of skin-grafting experiments, which they began to conduct in the summer of 

1943 at LHRI's Marine Experiment Laboratory in North Truro.47  Their basic idea was 

that embryos provided all the needed components for growth and development, and they 

hypothesized that the application of embryonic material from marine invertebrates onto 

an injury could promote wound healing and facilitate skin grafting by stimulating the 

growth process.48   

Ultimately, their work during the war cemented a collaborative relationship 

between Briggs and Schultz that had a profound impact on the construction of nuclear 

transplantation techniques in the following years.  Just after their initial collaboration was 

                                                
46 Due to some institutional wrangling and opportunities that he could not pass up, Schultz deferred his 
appointment until June 1943, taking a year to work at the University of Missouri with L. J. Stadler and their 
ultra-violet and electron microscope equipment. See Schultz to Reimann, August 29, 1942, Folder: 
"Reimann-Schultz Correspondence, 1942, 1943, 1944," FCCC Archives.  Briggs had started at LHRI in 
September 1942.  
47 Schultz and Briggs began to correspond on this idea in February 1943, with Schultz relying on advice 
from A. N. Richards (the Vice President of Medical Affairs at the University of Pennsylvania who was also 
Chair of the Committee on Medical Research of the OSRD) who recommended that they submit a research 
program either on skin grafts, bone repair, or wound healing.  See Jack Schultz to Robert Briggs, February 
15, 1943, Folder: "S.P. Reimann - Jack Schultz Correspondence, 1942-1943" FCCC Archives. 
48 This idea was also particularly enticing to Reimann and Hammett since it did not deviate from the main 
goals of the institution (not only the study of growth, but also utilization of both the LHRI chemical 
facilities and the Marine Experimental Station in North Truro), and would allow them access to the larger 
pool of OSRD medical research that Reimann thought might be useful to the institute.  Reimann was 
worried, however, that they might be tied down to specific outcomes and not allowed to freely explore the 
problem.  See Jack Schultz to Frederick Hammett, February 28, 1943 and Robert Briggs to Jack Schultz, 
April 29, 1943, Folder: "S.P. Reimann - Jack Schultz Correspondence, 1942-1943," FCCC Archives. 
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concluding, Schultz provided Briggs with an idea that would solidify Briggs' 

commitment to conduct an experimental research program focused on nuclear 

transplantation. 

Briggs claimed that right before he came to LHRI he had begun to seriously 

contemplate the role of the nucleus and genes in embryonic development.49  While at 

McGill, Briggs had associated with C.L. Huskins, a renowned plant geneticist whose 

work uncovered the effects of various chromosome structures.50  Through interactions 

with this research group and by keeping abreast of the developments in genetics Briggs 

began to reevaluate the traditional embryological view, which he had been taught, that 

development was broadly controlled by the cytoplasmic elements of the embryo while the 

genes were responsible only for the details of development.51  Specifically, Briggs found 

experiments on lampbrush and polytene chromosomes to be particularly compelling.  The 

chromosome studies of Huskins and other geneticists had clearly proven to Briggs that 

changes in nucleic structure correlated with cell functions on a basic level.52  

Subsequently, Briggs began to question the relationship between the nucleus and the 

cytoplasm, as data from genetics favored the role of the nucleus while embryology 

studies focused on the role of the cytoplasm in development.  An experiment, Briggs 

believed, was needed to help determine the adequacy of each claim. 

                                                
49 Robert Briggs to Allen V. Astin, December 21, 1974: 4.  Folder: "Dr. R. Briggs, Embryology." FCCC 
Archives. 
50 Arnold H. Sparrow, "Charles Leonard Huskins: 1897-1953," Science 119 (1954): 306-307. 
51 For an extended historical discussion of how this idea came to dominate the embryological discipline, 
see Jan Sapp, "Defining the Organism," chapter 1 in Beyond the Gene: 3-31. 
52 Robert Briggs to Allen V. Astin, December 21, 1974: 4. FCCC Archives.  Both of these types of 
chromosomes are characterized by a massive duplication of nucleoprotein material in a cell to a point in 
which the entire chromosome structure can be seen clearly with the use of a light microscope.  In 1930s, a 
great deal of work on polytene chromosomes was being done with the salivary glands of Drosophila, most 
of which was carried out by Calvin Bridges in the "fly lab" at Cal Tech. 
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Briggs eventually had two ideas about how to test his question.  The first occurred 

to him near the end of his tenure at McGill.  The idea was a simple one, he remembered 

later.  He would "try and master the newer methods of preparing chromosomes for study 

and to look for structural differences in mitotic chromosomes (or polytene chromosomes) 

of different cell types."53  Differences in the structure of chromosomes in early and late 

developmental stages, Briggs hypothesized, could mean that the chromosomes had 

fundamentally changed during the course of development and that they were not 

equivalent.  The equivalency of the nucleus was an important point, since depending on 

the answer it would support either the genetic or embryological views of development.  If 

the nucleus became more specialized as cells themselves became more differentiated, 

then the experiment would support a genetic view of development.  If the chromosomes 

had not changed then the evidence would suggest that the cytoplasm contained the 

impetus for differentiation, supporting the view of the embryologists.54  Briggs never 

followed up on this first idea, and it was not until he met Jack Schultz while working at 

LHRI that he encountered the second idea.55 

                                                
53 Robert Briggs to Allen V. Astin, December 21, 1974: 4. Folder: "Dr. R. Briggs, Embryology." FCCC 
Archives. 
54 Remember, it was not until the 1950s that theories of gene regulation were created (through the work of 
Jacques Monad, Francois Jacob, and Andre Lwoff, for example) and in the 1940s the opinion was that all 
genes were active all the time in the cell.  Of course, this view presents a problem for geneticists and 
embryologists, as the question becomes, how do vastly different specialized cells use the same genes in the 
same way? 
55 Briggs lamented in his recollections of this first idea that it was indeed a sound experimental approach, 
and years later Wolfgang Beerman would essentially use the same idea in making his groundbreaking 
genetic discoveries concerning chromosome puffing and gene regulation.  Robert Briggs to Allen V. Astin, 
December 21, 1974: 4.  Folder: "Dr. R. Briggs, Embryology." FCCC Archives. 
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Sometime in 1943 or 1944, Briggs discussed his thoughts on the role of the 

nucleus in development with his new colleague, Jack Schultz.56  Briggs pitched his idea 

of comparing chromosome structures, but Schultz had a better thought.  Instead, Schultz 

suggested, transplant a nucleus from a mature cells into an oocyte, or egg cell, that have 

had their nuclei removed.57  If the resulting embryo developed normally, it would suggest 

that all nuclei are equivalent.  "It immediately struck me as being the simplest and most 

direct way to test the functional properties of nuclei in development," Briggs 

remembered.58  "For if somatic nuclei could be transferred into enucleated eggs," Briggs 

said, "and…promote a complete and normal development, then it would be proven 

beyond a doubt that nuclei of different somatic cells are equivalent to each other and to 

the zygotic nucleus."59  However, if those transferred nuclei did not promote normal 

growth, then "we have a more complicated problem of interpretation," Briggs wrote.60 

 
                                                
56 It seems that the specific date of this conversation (or set of conversations) is lost to the historical record. 
In 1955, Briggs and King cited a personal communication about the idea of nuclear transplantation, dated 
1953, Robert Briggs and Thomas J. King, "XI. Specificity of Nuclear Function in Embryonic 
Development" in Biological Specificity and Growth, edited by Elmer G. Butler, Twelfth Symposium of the 
Society for the Study of Development and Growth (Princeton: Princeton University Press, 1955). However, 
in 1974 Briggs recalled that the first conversation occurred sometime in 1943 or 1944, and he could not 
remember if Schultz recommended the nuclear transplantation experiment at that very first conversation or 
if it occurred somewhat later after he had some time to consider the problem.  Robert Briggs to Allen V. 
Astin, December 21, 1974: 6. Folder: "Dr. R. Briggs, Embryology." FCCC Archives.  Briggs and Schultz 
began to write to each other in the spring of 1943 but Schultz did not arrive at LHRI until the fall of 1943.  
I would assume the conversation occurred sometime in the fall of 1943. 
57 An oocyte contains only half of the necessary genome necessary for development.  Once the sperm 
fertilizes the oocyte, or egg, the resulting cell is called a zygote, and contains its full compliment of DNA. 
58 Robert Briggs to Allen V. Astin, December 21, 1974: 6. Folder: "Dr. R. Briggs, Embryology." FCCC 
Archives. 
59 Robert Briggs to Allen V. Astin, December 21, 1974: 6. Folder: "Dr. R. Briggs, Embryology." FCCC 
Archives. 
60 A significant debate about its interpretation was exactly what did end up occurring in the early 1960s 
after John Gurdon made contrary claims about the equivalence of somatic nuclei.  This debate will be 
discussed extensively in chapter 3.  It is unclear, however, if Briggs actually foresaw that incomplete 
development would cause significant problems with interpretation or if the events that occurred during the 
intervening years before he wrote his recollections in 1974 colored his memories.  Robert Briggs to Allen 
V. Astin, December 21, 1974: 6. Folder: "Dr. R. Briggs, Embryology." FCCC Archives. 
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A Long-Standing Question? 

Unbeknownst to the two collaborators, the Nobel laureate Hans Spemann had put 

forward the same idea in 1938.61  In his book Embryonic Development and Induction, 

which was based on his 1933 Silliman lectures at Yale, Spemann imagined an experiment 

where nuclei would be transplanted from cells at different development stages into 

enucleated eggs – in no uncertain terms, Spemann had laid out the idea for nuclear 

transplantation.  He wrote that the experiment "appears, at first sight, to be somewhat 

fantastical."62  For Spemann, such an experiment would help to answer a long-standing 

question that had been prominent since the 1890s – how much hereditary material was 

present in each cell? 

Specifically, Spemann referred back to a theory put forward by August Weismann 

in 1892.  Weismann proposed a theory of heredity which hypothesized that in each cell 

there were 'determinants' that were responsible for directing the cell during development.  

A fertilized embryo contained all the determinants necessary to create any cell.  As the 

embryo divided, so too did the determinants.  The consequence was that by the time a cell 

became completely differentiated (a skin or brain cell, for instance), it contained only the 

determinants that allowed it to be only one particular type of cell.  A skin cell, for 

instance, lacked the determinants to allow it to be a brain cell.  The only cells that 

contained all the hereditary material were a part of the 'germ plasm', which developed 

early in the embryo and eventually became egg and sperm cells in the adult organism.63 

                                                
61 Robert Briggs to Allen V. Astin, December 21, 1974: 6. Folder: "Dr. R. Briggs, Embryology." FCCC 
Archives. 
62 Hans Spemann, Embryonic Development and Induction (New Haven: Yale University Press, 1938), 211. 
63 Particulate theories of heredity, meaning that hereditary elements were physical and separable units, 
were popular in the late nineteenth century.  Darwin had his own theory of heredity which postulated the 
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Weismann's germ cell theory was designed to do two things.  First and foremost, 

it was constructed to support Darwinian evolution.  By separating the complete hereditary 

material in the germ plasm from the rest of the somatic cells, Weismann created a theory 

that explained how environmental influences could affect the adult but were not passed 

down to the next generation.  The germ cells developed early and were hidden away from 

any environmental effects.  In other words, Weismann ruled out any Lamarckian ideas of 

acquired characteristics.64  The second aim of Weismann's theory was to answer the 

central question for embryology – how does a one-celled, undifferentiated embryo 

become an organism composed of highly diverse, and extremely organized, sets of 

cells?65 

Many of the experiments performed by Weismann and his contemporaries had 

immediate bearing on this question.  Embryologists such as Wilhelm Roux, Oscar 

Hertwig, Hans Driesch, Theodore Boveri, E.B. Wilson, and T.H. Morgan created 

experiments that tested the developmental potential of the earliest cells in the embryo.  

These experiments broke apart early embryos in a variety of ways, finding, for instance, 

                                                                                                                                            
idea of "gemules," Hugo di Vries used the word "pangenes" in his theory, and Herbert Spencer coined to 
"physiological units" to describe his particulate hypothesis.  See Sapp, Beyond the Gene, 5. 
64 There is an extensive literature on the reception of Darwin's ideas in scientific, political, and social 
communities.  See, for example, Peter Bowler, The Eclipse of Darwinism (Baltimore: Johns Hopkins 
University Press, 1983); Bowler, The Non-Darwinian Revolution: Reinterpreting a Historical Myth 
(Baltimore: Johns Hopkins University Press, 1988); Thomas Glick, ed., The Comparative Reception of 
Darwinism (Austin, TX: University of Texas Press, 1974); John C. Greene, The Death of Adam: Evolution 
and its Impact on Western Thought (Ames, IO: Iowa University Press, 1959); David Kohn, The 
Darwinian Heritage: Including Proceedings of the Charles Darwin Centenary Conference, Florence 
Center for the History of and Philosophy of Science, June 1982 (Princeton: Princeton University Press, 
1985); Robert Richards, Darwin and the Emergence of Evolutionary Theories of Mind and Behavior 
(Chicago: University of Chicago Press, 1987); Michael Ruse, The Darwinian Revolution: Science Red in 
Tooth and Claw. (Chicago: University of Chicago Press, 1999); also see Journal of the History of Biology  
38 (2005) for a historiographical focus on the Darwinian Revolution.  
65 For an extensive discussion of the theoretical commitments of Weismann, see chapter 5 of P. Kyle 
Stanford, Exceeding Our Grasp: Science, History, and the Problem of Unconceived Alternatives (Oxford: 
Oxford University Press, 2006). 
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that one can achieve normal development from a cell that originally been a part of a two-

cell embryo, and that partial development could be found in cells derived from four-cell 

embryos.66  Cells from larger embryos would not develop normally, if at all.  These type 

of experiments lent credence to the Weismannian theory that the embryo divided 

qualitatively, spreading the hereditary material selectively to various cells during 

development. 

The power of these and other experimental results spurred Wilhelm Roux to 

initiate one of the strongest and most productive research programs in the history of 

biology.67  In 1894, Roux founded the journal Entwicklungsmechanik, which set out to 

transform embryology from a descriptive to an experimental science.  That same year, 

Hans Driesch and Oscar Hertwig published their own landmark works that supported 

Roux's goals. Together with Weismann's theory, embryology at the turn of the century 

occupied a central role in biology, particularly in the study of evolution.  Through 

experimental techniques and mechanistic worldviews, Roux, Driesch, Hertwig and others 

opened up a field of study that overshadowed traditional descriptive embryology.68 

By the 1920s, experimental embryology had become the dominant methodology 

in the study of development.  Scientists wrote textbooks and formed societies dedicated 

to the methods and details of experimental embryology.69  In the twenty-five years since 

                                                
66 Hans Driesch, "Entwicklungsmechanische Studien. I. Der Wert der Beiden Ersten Furchungszellen in 
der Echinodermenentwicklung. Experimentelle Erzeulgung von Teilund Doppelbildungen," Zeitschrift fur 
Wissenschaftl Zoologie 53:160-78.  English translation by L. Mezger, et al. in Foundations of 
Experimental Embryology, ed. B. Willier and J. Oppenheimer (Englewood Cliffs, NJ; Prentice-Hall, 1964). 
67 Scott F. Gilbert, "Bearing Crosses: A Historiography of Genetics and Embryology," American Journal 
of Medical Genetics 76: 169. 
68 For more information about the development of experimental embryology see Jane Maienschein, "The 
Origins of Entwicklungsmechanik" in Gilbert, ed. A Conceptual History of Modern Embryology, 43-59. 
69 Maienschein, "The Origins of Entwicklungsmechanik," 59. 
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Weismann's theory, embryologists had conducted a wide variety of experiments that had 

implications for his work.  For instance, E. B. Wilson demonstrated in 1925 that the 

majority of early embryonic cells displayed restricted developmental patterns and did not 

retain equal potential to be any cell throughout the development process.70  Wilson's 

experiments showed that although some of the earliest cells in an embryo, those from a 

two- or four-celled embryo, could develop into a normal (albeit smaller) organism, cells 

of later stages did not retain that ability.  Spemann also performed his own experiments, 

both actual and imaginary.  A little over a decade later, Briggs began to conduct 

experiments to test the specific capacity of the cell's nucleus in development. 

The intellectual and experimental history that links the work of Briggs and King 

in 1952 to Weismann in 1892 has been expertly laid out in Marie Di Berardino's Genomic 

Potential of Differentiated Cells.71  The goal of the book, in fact, is to review all the 

experimental work that has helped answer the question as to whether nuclei from 

differentiated cells retain the potential to be any cell.  Certainly, nuclear transplantation 

has played a prominent, if not the most important, role in answering this question.  

However, the intellectual placement of Briggs' and King's work solely within this 

century-long quest has significant drawbacks for understanding the specific impact and 

context of nuclear transplantation studies at the middle of the century.   

I argue that nuclear transplantation should instead be contextualized within the 

conflict between embryology and genetics occurring in the 1930s, 1940s and 1950s.  In 

these decades, embryologists felt threatened by the intellectual and institutional success 

                                                
70 E. B. Wilson, The Cell in Development and Heredity (New York: Macmillan, 1925). 
71 M. A DiBerardino, Genomic Potential of Differentiated Cells (New York: Columbia University Press, 
1997). 
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of genetics.  Particularly in the 1930s, geneticists had begun to encroach on problems that 

had traditionally been under the purview of embryologists.72  Geneticists, moreover, 

assumed that their methods were vastly superior to those used in embryology, and 

embryologists felt threatened from an intellectual standpoint, but also institutionally.  The 

meteoric rise of genetics in the 1910s and 1920s had secured many academic positions, 

the creation of societies and journals, and a flood of new students and support.  

Geneticists believed that the success of their research program, both in the laboratory but 

also in agriculture, validated their mechanistic and reductionist perspectives and put into 

question the in holistic ideology of embryology. 

Placing Briggs within this context offers a historical setting that reflects more than 

an intellectual genealogy.  Ideas do not happen in a vacuum; rather, they are a part of a 

fabric that includes political and social consequences.  Briggs trained, worked, and found 

success in a context in which intellectual arguments had consequences beyond a purely 

academic discourse.  For instance, embryologists feared that if in the 1930s it turned out 

that genes controlled several developmental processes, that embryology would subsumed 

into genetics.  The methodologies, research programs, and theories, not to mention 

institutes, departments, and academic positions, of an entire generation of embryologists 

would be invalidated.  Thus, in choosing to work on nucleic differentiation, Briggs had 

chosen a research question that had profound consequences for the validity of the 

embryological approach in general. 

Furthermore, the traditional progressive history outlined above only provides one 

particular perspective, and does not incorporate the fierce debates that surrounded each 

                                                
72 Gilbert, "Cellular Politics," 316. 
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idea as it advanced over the years.  In the following section, I will reconstruct the history 

of nuclear transplantation in a way that provides a more robust account of the historical 

context in which the technique developed.  In doing so, I rely on an already-established 

historical narrative of conflict.  Using this narrative as a basis I will complete the story of 

the emergence of the first successful nuclear transplantation experiment, showing how 

the work of Briggs and King is more appropriately understood as a part of a 

contemporary discourse related to conflicting methodologies and perspectives. 

 

A Heated Conflict 

The conflict between embryology and genetics in the middle of the century has its 

roots in nineteenth-century studies of evolution.  Before 1900, the study of heredity 

included both the study of how traits moved through generations and how those traits 

developed in an individual.  Both were important concepts to hereditary studies, and in 

particular, evolution.73  In 1900, Gregor Mendel's pea-plant work was rediscovered, 

setting the stage for a revolution in the study of inheritance – genetics.74  In the first 

decade of the twentieth century, hereditary studies still heavily favored embryology, 

seeking to understand both the transmission of traits from one generation to the next and 

also how those traits acted in the developing organism.  However, together, the discovery 

of chromosomes in the late-1880s by Theodore Boveri and the persuasiveness of 

Mendel's studies created a lively debate in the early 1900s over the importance of 

chromosomes.  One group, which consisted of biologists such as E. B. Wilson, Wilhelm 
                                                
73 Embryologists were some of the fiercest converts to Darwin's evolutionary ideas immediately after the 
publication of On the Origin of Species. 
74 For more information concerning the rediscovery of Mendel's work, see Robert Olby, Origins of 
Mendelism (Chicago: University of Chicago Press, 1971). 
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Roux, and Theodore Boveri, believed that the chromosomes contained the type of 

hereditary elements theorized by Weismann and were instrumental in development.  On 

the other side, F. R. Lillie, Jacques Loeb, T. H. Morgan, and several others refused to 

believe that a permanent particle passed down from generation to generation could be 

responsible for the massive changes that occurred in development.  Instead, they believed 

that the rest of the embryo, the cytoplasm, was responsible for developmental changes.75 

Genetics and embryology became further polarized in the 1910s with Wilhelm 

Johannsen's distinction between genotype and phenotype.76  Johannsen was the first to 

use the word 'gene' in an attempt to describe the hereditary unit that was passed down 

between generations, while also distinguishing itself from Darwin's discredited idea of 

pangenes.  Johannsen argued that the genotype described the transmission of genes from 

one generation to the next and should be the sole focus of heredity.  How the phenotype – 

the outward appearance of the organism – emerged, Johannsen argued, should be 

understood through the study of embryology and not be considered a part of the study of 

heredity.77 

By the end of the first decade of the 1900s, the genotype nomenclature had 

become affiliated with the chromosome theory of heredity, otherwise known as the 

Boveri-Sutton hypothesis.  By 1911 enough experimental evidence had accumulated to 

convince most biologists that chromosomes did indeed carry the hereditary particles that 

                                                
75 There are several accounts of the debates between these two groups.  See Gilbert, "Bearing Crosses," 
171; Jan Sapp, Beyond the Gene; Garland Allen, "T. H. Morgan and the Split Between Embryology and 
Genetics, 1910-1935." 
76 He first used these distinctions in 1903 but further elaborated them in 1909. See Allen, "T. H. Morgan 
and the Split Between Embryology and Genetics, 1910-1935," and Sapp, Beyond the Gene for longer 
treatments. 
77 Gilbert, "Cellular Politics," Allen, "T.H. Morgan and the Split Between Embryology and Genetics, 1910-
1935," and Sapp, Beyond the Gene.  
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were passed down between generations.  Much of the evidence had been provided by one 

of the previous decade's most stalwart critics of the chromosome theory, T.H. Morgan.78  

Morgan had been trained as an embryologist in the late nineteenth century and had done 

considerable work in invertebrate development studies.  It was not until he began to work 

with Drosophila in 1911 and found mutations on the sex chromosomes that he converted 

to the Boveri-Sutton hypothesis.   

Morgan immediately began a research program using Drosophila that was 

extremely successful.79 With a team of researchers, Morgan studied how genes were 

passed down from one generation to the next and mapped them to corresponding 

chromosomes.  At the time, the gene was both an abstract concept and a physical reality.  

Nobody knew the physical structure of the gene; in effect, it was just a word to describe a 

phenomenon.  On the other hand, Morgan and his team had uncovered rules and patterns 

of inheritance that provided real-world predictive power.  All of the work, however, was 

centered in the nucleus where the chromosomes resided.  

By the 1920s, the nucleus had come to define the science of genetics, as it was 

focused on mapping and exploring the chromosomes present within.  Historian Garland 

Allen has shown how by 1926 T. H. Morgan, who had previously been an embryologist, 

believed that the cytoplasm did not have any important bearing on heredity.80  The rest of 

the cell, the cytoplasm, had become identified with embryology, and geneticists believed 

                                                
78 For some histories that discuss this transition, see Garland Allen, Life Sciences in the Twentieth Century 
(Cambridge: Cambridge University Press, 1978);  Evelyn Fox Keller, The Century of the Gene 
(Cambridge, MA: Harvard University Press, 2000); Jane Maienschein, Transforming Traditions in 
American Biology, 1880-1915 (Baltimore: Johns Hopkins University Press, 1991); Robert Kohler, Lords of 
the Fly: Drosophila Genetics and the Experimental Life (Chicago: University of Chicago Press, 1994); 
Alfred H. Sturtevant, History of Genetics (New York: Harper & Row, 1966). 
79 Kohler, Lords of the Fly. 
80 Garland Allen, "The Split Between Embryology and Genetics," 134. 
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that embryologists should concentrate on explicating how genes worked in 

development.81  

Embryologists rejected the gene-centered view.  Many believed that the atomistic 

and materialistic philosophy of genetics overlooked the importance that the cytoplasm 

provided as a whole system.  In particular, embryologists pointed out that genetics 

offered no relevant theories of development.  Geneticists assumed that genes controlled 

differentiation, but experiments in embryology showed the opposite.  Division and 

development corresponded to the geography of the cytoplasm, meaning the fate of a 

dividing cell had to do with what part of the cytoplasm it was receiving during division, 

not the division of the nucleus.  Embryologists pointed out that there was no proof that 

the nucleus even retained each and every gene during embryogenesis.  For embryologists, 

the mantra became that development was controlled mainly by the cytoplasm and the 

genes managed only the details of the organism (eye color, for instance).  These views 

were particularly prominent in the United States and England, where genetics had 

become a leading science.  In rest of the continental Europe, particularly Germany, 

genetics and embryology did not experience the type of antagonism found in the Anglo-

American context, which may help explain why several of the biologists who attempted a 

synthesis of the two fields in the follow decades were often trained, or interacted heavily 

with, biologists in continental Europe.82 

                                                
81 Gilbert, "Bearing Crosses," 173-74. 
82 Gilbert looks specifically at the cases of Ernest Everett Just and Richard Goldschmidt in "Cellular 
Politics," both of whom had significant European influences.  Some of the others who have been credited 
as synthesizers include Boris Ephrussi (French), Salome Gluecksohn-Schoenheimer (Germany) and Conrad 
Hall Waddington, who was English but was trained in Germany.  See also, Manfred Laubichler and Hans-
Jörg Rheinberger, "Alfred Kühn (1885-1968) and Developmental Evolution," Journal of Experimental 
Zoology Part B: Molecular and Developmental Evolution 302B (March 2004): 103-110. 
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By the 1930s, genetics and embryology had settled into their trenches in the 

United States and England.  Geneticists claimed authority over the chromosomes and 

embryologists focused on the cytoplasm.  Geneticists were having far more success, 

however, and in the 1930s they began to apply more of their methods to the traditional 

problems in development.  In particular, they began their own research programs for 

finding out how genes acted during development.  Since embryologists believed that this 

process was under their jurisdiction, and they believed that the cytoplasm had more 

influence, the tensions that had been present since genetics arose in the 1910s became 

outright conflict in the 1930s.   

 Several historians of biology have discussed the break between embryology and 

genetics in the first half of the twentieth century.83  For historians, this conflict illustrates 

several different issues.  For Jan Sapp, the conflict between embryology and genetics 

represented a "struggle for authority" in the field of heredity.84  Sapp's goal is to intervene 

in the history of genetics in the twentieth century, which at the end of the 1980s, had 

focused on the synthesis of genetics with evolution and genetics role in the development 

of molecular biology.85  The traditional synthesis story, Sapp claims, overlooks the 

conflict surrounding the idea that genes were the only, and most important, hereditary 

                                                
83 See note 4 in this chapter for a list of sources pertaining to this split. 
84 Jan Sapp, Beyond the Gene.  
85 For histories of genetics that reflect this view, see William Provine, The Origins of Theoretical 
Population Genetics (Chicago: University of Chicago Press, 1971); Garland Allen, Life Sciences in the 
Twentieth Century; Robert Olby, The Path to the Double Helix (Seattle: University of Washington Press, 
1974); Horace Freeland Judson, The Eighth Day of Creation: Makers of the Revolution in Biology (Cold 
Spring Harbor: Cold Spring Harbor Press, 1996). For a more personal and more controversial account of 
the story see James D. Watson, The Double Helix: A Personal Account of the Discovery of the Structure of 
DNA (New York, Atheneum, 1968).  For an important historiographical discussion see Pnina Abir-Am, 
"Themes, Genres, and Orders of Legitimation in the Consolidation of New Scientific Disciplines: 
Deconstructing the Historiography of Molecular Biology," History of Science 23 (March 1985): 73-117. 
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material worth investigating.86  Sapp's book demonstrates that there was a rich history of 

experimental investigations of the role of cytoplasm in heredity.  Embryologists did most 

of this research, as they were already focused on the developmental importance of the 

cytoplasm.  Sapp's "struggle for authority" represents the sociological tensions that 

geneticists and embryologists experienced as they battled for resources (e.g. grants, 

institutions, graduate students) and scientific authority. 

Scott Gilbert claims that a methodological battle was at the heart of the struggle 

between embryology and genetics.  Genetics subscribed to a "methodological 

orthodoxy," whereas embryologists supported a "methodological pluralism."87 

Embryologists saw the gene-centered views of the geneticist as narrow.  Though genetics 

provided a wealth of new information about heredity, embryologists ultimately believed 

that the discipline would never be able to answer the larger questions of how a single-

celled embryo could differentiate into a complex organism.  For that, one would need the 

pluralistic (and holistic) perspectives of the embryologist.  Furthermore, geneticists also 

saw the methods of embryology as old-fashioned, and Gilbert has shown how geneticists 

waged a rhetorical battle to distance themselves from the discipline from which they 

originally emerged.88 

At stake in the methodological battle that Gilbert illustrates or the struggle for 

authority that Sapp argues for is a question of disciplinary relevance.  If geneticists could 

provide a cohesive and persuasive explanation for development using a gene-centered 

view, then embryology would become a subsidiary discipline, merely a topic in genetics 
                                                
86 A similar view is expressed later in a later work by Evelyn Fox Keller, The Century of the Gene 
(Cambridge, MA: Harvard University Press, 2000). 
87 Gilbert, "Cellular Politics," 317. 
88 Gilbert, "Bearing Crosses" 168. 
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that concentrated on the effects of genes in development.  If embryologists could provide 

evidence that essential elements of development and heredity occurred in the 

differentiation process, than embryology would continue to have a prominent role as a 

biological science.  Because of the location of the genes, the conflict between geneticists 

and embryologists often was couched in the debate concerning the role of the nucleus and 

cytoplasm during development.   

Resituating the narrative of Briggs from the earlier section into a context of 

conflict, one can see how Briggs was working at the confluence of embryology and 

genetics.  To begin with, Briggs and Schultz readily admitted that they had no knowledge 

of Spemann's 1938 'fantastical' experiment when they first conceived of the experiment in 

1943.  Instead, Briggs claimed that he began to think about the problem near the end of 

his post-doctoral fellowship at McGill (which incidentally also began in 1938).  Fresh out 

of graduate school, Briggs would have still been in a process of forming his intellectual 

principles.  His doctoral advisor, Leigh Hoadley, was a student of F. R. Lillie, who was 

one of the staunchest and loudest opponents of the gene-centered view that was becoming 

prominent in the 1910s and 1920s.89  As a student of Hoadley, Briggs would have been 

taught (perhaps indoctrinated with) the embryology-inspired understanding of 

development that favored the role of the cytoplasm.  Briggs admits that it was this view 

when his doubts in the late 1930s led him to think about nuclear equivalence.  

Briggs began to reevaluate the cytoplasmic view at McGill after interacting with 

the genetics group led by C. L. Huskins.  Their work, Briggs said, "especially as [it] 

related to possible variations in chromosome structure and function in different cell 
                                                
89 Both Allen (1985) and Gilbert (1988) use several combative quotes from Lillie in protest of 
chromosome-focused theories of heredity. 
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types…led me to question the embryological view that development is controlled entirely 

by the egg cytoplasm, with nuclear genes responsible only for the details of 

development."90  Huskins, however, was not a supporter of embryology.  Historian Scott 

Gilbert relates a story from N. J. Berrill in which Berrill referred to geneticists as 

"marauding invaders" and claimed that in the 1930s Huskins wanted to reorganize the 

biology departments, placing zoology, botany, and genetics departments together, with 

genetics clearly being the superior power in the new department.  Berrill's embryological 

work could have come under heavy methodological criticism from a new genetics-

minded chair.91  Yet, as a young postdoctoral student, Briggs was either unaware or had 

yet to form negative impressions of the disciplinary encroachment of genetics.  In fact, 

his exposure to the caustic debates at McGill could have influenced his desire find 

solutions to the problem. 

Clearly, Briggs did not begin to think about this question after rereading 

Weismann, and he claimed that Spemann's work was not a factor.  Instead, Briggs' 

motivations stemmed from the conceptual challenges concerning how evidence from 

genetics could be integrated into the dominant view in embryology.  Nuclear 

transplantation offered Briggs a way to test the strength of each paradigm.  Moreover, 

Briggs could rely on his experimental training to carry out nuclear transplantation studies.  

Briggs did not have to master a new discipline such as genetics or biochemistry.  Rather, 

he merely had to exploit the embryological system that he already was familiar with 

(Rana pipiens) using methods of microsurgery and manipulation that he already could 

                                                
90 Robert Briggs to Allen V. Astin, December 21, 1974: 6. Folder: "Dr. R. Briggs, Embryology." FCCC 
Archives. 4. 
91 Gilbert, "Cellular Politics," 317. 
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perform.  Even if Briggs found evidence supporting a genetic point of view, his success 

in doing so using embryological approaches would validate embryology's continued 

methodological existence in the face of genetics orthodoxy. 

In the following section, I will illustrate how Briggs created a research program 

around the idea of nuclear transplantation.  It took nearly a decade for Briggs to 

successfully carry out his experimental ideas, and throughout the process he consistently 

contextualized his work within the nucleo-cytoplasmic debate.  Nuclear transplantation 

did not end up solving the conflict, but it did seem to have the potential for doing so; so 

much that Briggs was not the only one who carried out nuclear transplantation studies to 

solve the same problems.  In the end, when Briggs finally published the results of the first 

successful nuclear transplantations, he repositioned his work as an answer to Weismann 

and did not engage as directly in the debate concerning what controlled development.  

This repositioning, however, reflected the limited conclusions that he could draw from 

his first experiments. 

 
The Pursuit of a Nuclear Transplantation Technique 

 In the fall of 1943, Briggs submitted to Reimann an outline of his proposed work 

for the following year.  The list was long, and seemed almost foolishly ambitious.  In the 

accompanying letter, Briggs admitted as much, saying, "there is much more here than I 

can hope to undertake."92  Briggs planned to choose only a few of the problems that he 

set forward in the five-page outline, with the long-term goal of improving his knowledge 

                                                
92 Robert Briggs to Stanley Reimann, August 30, 1943, Folder: "Reimann-Briggs Correspondence, 1943, 
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of cytochemical approaches.  These types of approaches, Briggs believed, "to the 

problems in differentiation and growth in general [would] prove most profitable."93 

 In the outline, Briggs detailed five different experimental programs.  The first 

concentrated on the mechanism of differentiation in embryos, the second focused on 

differentiation and organization in relation to cancer, the third looked to uncover the 

mechanism of growth control, the fourth outlined a plan to study malignant 

transformations, and the final research program dealt with skin grafting.  Each of the five 

project outlines contained broad questions pertaining to the area of inquiry and included 

several different experiments that might elicit relevant answers.  Under the first heading, 

"Mechanism of Differentiation in Embryos," Briggs posed the question, "Does the 

mechanism of early differentiation reside primarily in the nucleus or in the cytoplasm?"  

As a possible way of answering this question, Briggs suggested nuclear transplantation, 

both of adult nuclei of the same species, and also of nuclei from one species into the 

embryo of another.94 

Along with an outline of problems, Briggs submitted a general discussion of his 

proposal, which highlighted his motivations for the work.   Briggs explained, "It is still 

not known in any exact way whether the factors accounting for primary differentiation 

are located in the cytoplasm or the nucleus, although there is evidence that cytoplasmic 

factors control very early development while nuclear factors come into play later."95 This 

statement underscores that Briggs had been trained in the embryological paradigm of a 

                                                
93 Robert Briggs to Stanley Reimann, August 30, 1943, Folder: "Reimann-Briggs Correspondence, 1943, 
1944, 1945," FCCC Archives. 
94 "Outline of Problems – Robert Briggs". Folder: "LHRI Research Projects, 1943" FCCC Archives.   
95 Program of studies on normal and malignant growth – summary, Robert Briggs. Folder: "LHRI Research 
Projects, 1943" FCCC Archives.  
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cytoplasmically controlled developmental process.  Clearly, however, he had begun to 

question the idea, as he was looking for evidence in support of either the cytoplasm or the 

nucleus. 

Briggs also spoke directly about nuclear transplantation in his summary.  Briggs 

explained that "it is not known to what extent chromosomes may play a part in early 

differentiation."  Theoretically, Briggs wrote, if all of his assumptions about the process 

of chromosome distribution during cell division were true, "then a nucleus taken from a 

larval or adult animal might still contain all the nuclear factors necessary for the early 

development of an egg."  Briggs highlighted the nuclear transplantation experiment as a 

way to test this principle and acknowledged that Schultz had suggested the idea.96 

 Briggs was not the only one who submitted a program of study that included work 

on nuclear transplantation.  In a similar proposal by Jack Schultz submitted to Reimann 

that same month, Schultz also cited his plans to work on nuclear transplantation the 

following year.97  Like Briggs, Schultz proposed several different research plans.  The 

first focused on "Nucleoproteins, Genes, and the Differentiation of the Nucleus," while 

the other two programs dealt with tissue cultures and nucleoproteins as growth 

promoters.  Schultz specified nuclear transplantation as "clearly the direct experimental 

attack upon the problem of nuclear differentiation."98 

 Schultz's proposal represents the alternative view of development.  For Schultz, 

differentiation of the nucleus represented differentiation in general.  Schultz had been 

trained as a geneticist in the most prominent and famous genetics laboratory.  Though he 
                                                
96 Program of studies on normal and malignant growth – summary, Robert Briggs. Folder: "LHRI Research 
Projects, 1943" FCCC Archives. 
97 Research Program, August 1943 – Jack Schultz. Folder: "LHRI Research Projects," FCCC Archives. 
98 Research Program, August 1943 – Jack Schultz: 4. Folder: "LHRI Research Projects," FCCC Archives. 
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had an interest in development, his work was centered on the gene and its physical 

structure, and his work represented the way in which geneticists approached the problems 

of development. 

For both Briggs and Schultz, these questions were not just of general importance, 

they also had significant value to the mission of LHRI.  In his summary, Briggs 

acknowledged both the intellectual and institutional motivations, saying, 

The object of this work on differentiation is twofold.  First, we wish to learn 
something about the cytological and cytochemical factors accounting for the 
origin of cells with specialized structure and function during normal 
embryological development.  This is a central biological problem.  Second, the 
results of even a partial solution would probably be applicable to cancer, for an 
understanding of normal differentiation would mean greater possibilities of 
inducing differentiation in, and controlling the growth of cancer cells.99 
 

Schultz had similar arguments about the project, stating in his report that  

It scarcely need be said that in this approach the malignant cell occupies a 
strategic position.  Important in its own right, in the consideration of the origin of 
tumors, it becomes a test object for theories of differentiation…it follows thus that 
the problems with which we are concerned have a rather direct bearing on the 
mechanism of carcinogenesis.100 
 

These statements were more than lip service to the directors.  Both Briggs and Schultz 

had planned research programs containing elements of both basic and applied research.  

Even though they were both new to the institute, Briggs and Schultz were assiduous in 

designing experimental programs applicable to the study of cancer through the study of 

growth and development.  I argue, in fact, that this focus allowed them to deal with the 

conflict-ridden issues of the role of the nucleus in development.  The focus on cancer 

allowed them to avoid some of the political and sociological issues involved with the 
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problem as it acted as a primary motivating force for the work.  Without cancer, the 

motivations behind their work could have been interpreted either as attempts at synthesis 

or as evidence for a contentious position. 

 Though Schultz placed nuclear transfer experiments high on his list for his 

upcoming research, he never seemed to begin any work on the subject.  This, however, 

was fairly indicative of Schultz's work habits.  In general, Schultz had a reputation as 

someone who was a brilliant theorist and interlocutor yet spent little time detailing his 

work for publication.  In an obituary, T. F. Anderson described Schultz by saying that "he 

was most reluctant to sit down and write up the details for publication.  He seemed to lose 

interest in writing what he had already done."  It seemed that Shultz's habit derived from 

a conviction that "a scientific paper should be of real theoretical relevance and must not 

represent merely the stockpiling of data in yet another publication."101 At LHRI, Schultz 

often took up the role of wandering sage, giving advice and offering suggestions to other 

researchers as they worked through experimental design problems and the implications of 

their work.102  Briggs and Schultz, in fact, had neighboring laboratories at the LHRI 

facilities, and Schultz would often participate in laboratory meetings and problem solving 

but would not play a role in physically carrying out the techniques.  In this way, Schultz 

displayed the type of laboratory morals he learned from T. H. Morgan and the fly lab, 

where ideas were shared freely and credit given only to those who physically made the 

                                                
101 T. F. Anderson, "Jack Schultz: (1904-1971)," Genetics 81 (1975): 5. 
102 See Marie D. Berardino, interview by author, digital recording, Haverford, Pa., March 2, 2011, 9. 
Schultz was also seen by many at LHRI as a mentor.  In particular, Beatrice Mintz, who began working at 
LHRI in the 1960s and was responsible for groundbreaking work in mammalian development, saw Jack 
Schultz as a close mentor. 
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experiment work.103  When it came to nuclear transplantation, Schultz, in effect, was a 

theorist working on a problem saturated with methodological and technical challenges.  

Once he had helped generate the idea for nuclear transplantation, Schultz's role became 

more advisory and Briggs and his team members were ultimately the ones who physically 

worked through the problem. 

It seems, however, that during the war Briggs also felt no immediate need to start 

research on the problem of nuclear transplantation.  Once World War II was over, 

however, Briggs quickly dropped his skin graft work for his embryological interests in 

the role of genes in development, though he knew that carrying out nuclear 

transplantation experiments on frogs was not going to be easy.104    In the late 1930s, two 

researchers in France had devised basic techniques to remove and transfer nuclei.105  

Their work, however, dealt with amoebae, which were vastly easier to manipulate since 

their cell walls would regenerate easily and there were no embryos with which to work.  

Comandon and de Fonbrune had developed micropipetting techniques that would be 

instrumental in later work, but overall, Briggs knew that there were still several 

challenges to overcome before nuclear transplantation could be successfully carried out 

                                                
103 For a longer discussion of the sociology of the fly lab, see Kohler, Lords of the Fly. 
104 The skin grafting experiments seem to be a point of regret for Briggs, however.  The work elucidated 
mechanisms of graft rejection through transplantation of skin grafts on highly inbred mice and through the 
use of immunological suppressing techniques.  The work, Briggs claimed, preempted Peter Medawar's, 
whose foundational work paved the way for organ transplants and for which he was awarded a Nobel Prize 
in 1960.  See Hyung Wook Park, "Refiguring Old Age: Shaping Scientific Research on Senescence, 1900-
1960," Ph.D. diss., University of Minnesota, 2009.  Briggs published only a few of the findings (Robert 
Briggs and Lois Jund, "Successful Grafting of Frozen and Thawed Mouse Skin," The Anatomical Record 
89 (1944): 75-85), but dropped the project rather abruptly once the war ended.  In his autobiographical 
letter, Briggs vividly recreates these experiments with the same kind of zeal that he does when talking 
about his nuclear transplantation experiments, the work that became his most lasting legacy.  Robert Briggs 
to Allen V. Astin, December 21, 1974: 5-6. Folder: "Dr. R. Briggs, Embryology." FCCC Archives. 
105 J. Comandon and P. de Fonbrune, "Greffe Nucleaires Totale, Simple ou Multiple, chez une Amibe," 
Comptes Rendus des Seances de la Societe de Biologie et de ses Filiales 130 (1939): 744-48. 



 

 105 

in multi-cellular organisms.  "These problems were rather formidable," Briggs wrote, 

"and [I] decided to approach them piecemeal."106  To begin with, Briggs needed to figure 

out a reliable method for removing nuclei from cells without destroying either the nuclei 

or the developmental capacity of egg.  This had not been a problem for Comandon and de 

Fonbrune due to amoebas' drastically different structure.107  For a multi-cellular organism, 

nuclei needed to be removed from both the host embryos and the donor cells in order for 

the experiments to work.  Lucky for Briggs, his former classmate at Harvard, Keith 

Porter, had developed an easily adaptable technique for use in his dissertation.   

Porter had moved to the Rockefeller Institute for Medical Research after 

graduating from Harvard in 1939.  Like Briggs, Porter also began to work on cancer-

related problems, making him yet another disciple of Leigh Hoadley's who went on to 

make great strides in cancer research during the middle of the twentieth century.  Porter's 

work at the Rockefeller Institute focused on what would now be called cell biology.  He 

was instrumental in professionalizing cell biology into a recognized sub-field, helping 

found the Journal of Cell Biology and American Society for Cell Biology.108  To carry out 

his cell work in the late 1930s, Porter had developed a technique that identified the 

location of the oocyte's nucleus and how to easily extract it.  Though Porter's work at the 

                                                
106 Robert Briggs to Allen V. Astin, December 21, 1974: 6-7. Folder: "Dr. R. Briggs, Embryology." FCCC 
Archives. 
107 In their technique, Comandon and de Fonbrune merely had to push a small glass needle through one 
amoeba into another that was juxtaposed behind it.  If done properly, the needle would catch the 
rudimentary nuclei of the first cell and push it into the second cell, which had previously had its nuclei 
shoved out.  The cell walls of the amoeba would heal quickly.  This would have been impossible to do 
with most multi-cellular organisms since somatic cells and oocytes are both more complicated and much 
more fragile. 
108 For a more significant discussion concerning the professionalization and creation of cell biology, see 
William Bechtel, Discovering Cell Mechanisms: The Creation of Modern Cell Biology (New York: 
Cambridge University Press, 2006). 
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time was focused on different questions, Briggs saw the potential for the technique in his 

own work.   

Briggs mastered the technique while carrying out work on related interests.  

Porter's technique could just as easily create embryos with only half of the necessary 

genetic material as it could an enucleated embryo.109  A cell that contains only half of its 

genetic material is called a haploid (as a opposed to a diploid cell, which contains two 

sets of chromosomes and is the normal state for most organisms).  Since they were easy 

to create, Briggs began to make concrete studies of chromosome sets (or ploidy) in 

amphibians in 1946, and continued to work with them for the next two years.110  In 1948, 

Briggs described this work as "a survey of the effects on differentiation of alterations in 

the quantitative relationships between cytoplasm and nucleus."111  In other words, during 

the long period in which Briggs developed techniques to initiate nuclear transplantation 

experiments, he still found ways to grapple with his larger area of interest – the 

relationship between the nucleus and the cytoplasm.   

In 1948, Briggs' ploidy work in frogs had reached a point where he needed to hire 

an assistant.112  Luckily, at about that same time Jack Schultz was interviewing a 

candidate for a research assistant position who was interested in genetics and 

                                                
109 Porter's technique used an activated embryo, or zygote.  Embryos could be activated in one of two 
ways.  A sperm cell could enter the egg, depositing its complement of genetic material (which only equals 
to half of what any organism requires).  Or, the egg could be activated artificially, which meant that when 
Porter's technique was applied it removed the indigenous nuclear material of the embryo.  Presumably, 
once removed the egg would still be in a state of readiness, merely awaiting the proper conditions to initiate 
development.  
110 R.W. Briggs, "Effects on the Growth Inhibitor, Hexenolactone, on Frog Embryos. I. Effects of Diploid 
Embryos. II. Differential Effects on Haploid and Diploid Embryos," Growth 10 (1946): 45-73. 
111 The Institute for Cancer Research and the Lankenau Hospital Research Institute, First Annual Report – 
1948 (Philadelphia, PA): 22. FCCC Archives. 
112 In effect, to know the ploidy of a cell, someone had to physically count the number of chromosomes 
present in the cell, a rather tedious and time-consuming job.  
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development.  Schultz immediately decided that she was best fit to work with Robert 

Briggs, and instead of continuing the interview himself, Schultz introduced Briggs to the 

young candidate, Marie Di Berardino.  After a brief conversation, Briggs offered her the 

job.  In September 1948, Di Berardino came to work for LHRI in Briggs' laboratory.  She 

would be a part of the lab for the next thirty years, conducting nuclear transplantation 

research and outlasting its more famous members Robert Briggs and Thomas King.113 

1948 was also the year that Briggs and Thomas King first became acquainted.  

Thomas King was a New Jersey native, attending graduate school at New York 

University when he wrote to Robert Briggs in the spring of 1948.  King was working on 

his master's thesis at the time, a project that dealt with the growth of the frog renal 

adenocarcinoma, the same tumor that Briggs had worked extensively with during his 

post-doctoral work at McGill a decade earlier.114   In February, King wrote to Briggs for 

advice concerning his proposed project, which looked at the viral nature of the carcinoma 

through transplantation techniques.115 Briggs replied to King by suggesting further lines 

of research and mentioning potential problems, and eventually King briefly visited 

Philadelphia that spring to discuss the work in greater depth.   

                                                
113 In 1997, Di Berardino published a book that can be described as an extremely thorough review of all the 
literature related to nuclear transplantation work.  Though many scientists have used the nuclear 
transplantation techniques, she is perhaps the only person who has devoted her entire scientific career to the 
basic question of whether somatic nuclei had the potential to reinitiate development. She did this primarily 
through nuclear transplantation studies.  Thus, her book comes not only from a perspective of an expert, but 
also one who has intimately followed the field since its inceptions.  M. A. DiBerardino, Genomic Potential 
of Differentiated Cells (New York: Columbia University Press, 1997). 
114 Thomas King to Elizabeth Patterson, Feb. 6, 1978, Folder: "King, Thomas, CV and Nature of Work" 
FCCC Archives.  King's letter includes a number of responses to specific questions that Patterson asked for 
her history of Lankenau.  King answered the questions and also included the first correspondence between 
King, Briggs, and Stanley Reimann in the late 1940s when King first contacted Briggs and when he was 
later offered a job. 
115 Thomas King to Robert Briggs, February 13, 1948, Folder: "King, Thomas, CV and Nature of Work." 
FCCC Archives.   
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Briggs was impressed by King's research and training.  While at NYU, King 

worked primarily with embryologist Ross Nigrelli, but he had also had extensive 

laboratory courses with Milan J. Kopac, one of the most respected microscopists at the 

time.  After Briggs secured funding from the National Cancer Institute in 1949 to carry 

out specific experiments on nuclear transplantation, he decided that King "would bring 

talents complementary to my own," and Briggs offered King a position in his 

laboratory.116 King finished his PhD and came to work at LHRI in 1950.  

In the fall of 1950, Briggs and King began to develop nuclear transplantation 

techniques in earnest.  Briggs worked on creating embryos that would respond well to a 

transplanted nucleus, a problem for which he was able to draw lessons from his earlier 

work using Porter's technique and haploid cells.  King, using his advanced training in 

microsurgery, began to develop the needed techniques to remove nuclei from blastula 

cells and inject them into waiting embryos.  To complete a successful nuclear 

transplantation, Briggs and King knew that they needed to create methods that extracted 

and injected nuclei without permanently damaging the embryo and the nuclei that were 

removed from the donor blastulae.  In general, this was tedious and time-consuming work 

that took well over a year to accomplish.   

Briggs and King had to continue to apply for funding to support their research 

during this period.  The motivating research questions that Briggs posed in these grant 

applications reinforce the argument that Briggs' and King's work best fit within the 

context of the nucleo-cytoplasmic discourse prominent during the 1940s.  In their 

renewal grant that they submitted in the summer of 1950, Briggs and King wrote that 
                                                
116 Robert Briggs to Allen V. Astin, December 21, 1974: 7. Folder: "Dr. R. Briggs, Embryology." FCCC 
Archives.   
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they planned to "obtain direct evidence concerning the roles of various cell components 

in embryonic cell differentiation." The anticipated results of this investigation, they 

claimed, would "get direct evidence concerning the roles of cell constituents in 

differentiation…and have an obvious bearing on the general question of whether cell 

differentiation is initiated by 'classical' genes; and on the problem of possibly self-

duplicating cytoplasmic elements and their function in differentiation."117  The "classical 

genes" and "self-duplicating cytoplasmic elements" Briggs and King describe map on to 

the language that historians of developmental biology have shown to be prominent in the 

disciplinary disputes during this time.118   

Briggs' and King's reference to self-duplicating cytoplasmic elements shows that 

they were paying attention to current debates.  In 1950, self-duplicating cytoplasmic 

elements referred to controversial work done by scientists such as Tracy Sonneborn, who 

found evidence for 'plasmagenes' through experimental work on Paramecium.  

Sonneborn and others believed plasmagenes to be self-duplicating structures that affected 

differentiation and development and were located within the cytoplasm, not the nucleus.  

In 1948, Sonneborn articulated the general problem in which he was interested as 

follows:  

There is reason to believe that all these kinds of cells in one body have exactly the 
same set of genes.  They arise by repeated divisions from a single cell, the egg, 
and at each cell division the nucleus with its genes seems to be partitioned with 
precise equality.  How then can one explain the diversity among the body cells if 
the genes control their traits and if all have the same genes?...[there] are, in effect, 
hereditary differences among cells apparently identical in genes.  Although little 

                                                
117 Federal Security Agency, Public Health Service, Application for Grant-in-Aid, July 18, 1950, Grant: C-
913 "An Experimental Study of the function of cell components in embryonic differentiation and in 
carcinogenesis," p. 5. Folder: "C-913 King Briggs" FCCC Archives.  Emphasis in original. 
118 In particular, see Sapp, Beyond the Gene. 
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is really known as to the explanation of these facts, it is suspected that cytoplasm 
and environment may be important.119 
 

Sonneborn answered this question with experiments that he felt "show how cells with the 

same genes can differ persistently in their traits as a result of competition between 

alternative and mutually exclusive plasmagenes."120 For Sonneborn and other 

embryologists, hereditary units present in the cytoplasm supported their arguments that 

the cytoplasm played a primary, or at least an important, role in development.  

 Many scientists found Sonneborn's experiments, and similar work by others such 

as C. D. Darlington, to be stimulating, but ultimately lacking in evidence.  Historian Jan 

Sapp argues, "During the 1940s the theory of plasmagenes and the attempts to understand 

the principles of somatic cell inheritance stood in direct conflict with the predominant 

research programs and doctrines of biochemical genetics."121  To exemplify Sapp's point, 

LHRI's own Jack Schultz weighed in on the issue of plasmagenes in 1950, the same year 

that Briggs and King submitted the application from which I quoted previously.  Schultz 

acknowledged that the work done by Sonneborn and others was interesting; however, he 

ultimately believed it to be insufficient:  

"It is evident…that the only definite cases of self-perpetuating elements in the 
cytoplasm that require the presence of identical preexisting elements for their 
formation, and that perpetuate specific changes in their own structure (mutants), 
are plastids, viruses, and the 'central apparatus' in plants and animals.  The 
existence of subsidiary levels of self-perpetuation remains in the questionable 
state it occupied in [E. B.] Wilson's time."122 
 

                                                
119 Tracy M. Sonneborn, "Genes, Cytoplasm, and Environment in Paramecium," The Scientific Monthly 67 
(September 1948): 154. 
120 Tracy M. Sonneborn, "Genes, Cytoplasm, and Environment in Paramecium," 160. 
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For higher organisms, Schultz believed that only the nucleus, the 'central apparatus,' had 

shown evidence of self-perpetuation and heredity.  However, Schultz ended his review by 

writing, "Such phenomena are by no means excluded, but ways of testing for them have 

still to be devised – methods that will directly attack the function of the nucleus and its 

relation to the growth of cytoplasmic units."123  Schultz knew that a team of researchers 

in his own institution was developing just the sort of methods that would provide answers 

to the problem.  Moreover, Briggs and Schultz were not the only ones who thought that 

nuclear transplantation research could provide evidence for the nucleus or cytoplasm in 

development.   

In 1950, another laboratory led by the renowned cell biologist J. F. Danielli at 

Kings College was also working on nuclear transplantation.  An analysis of his work 

shows that Danielli also believed nuclear transplantation offered a way to answer 

questions regarding nucleic or cytoplasmic control over development.  However, unlike 

Briggs and King, who opted to work with amphibian cells from the beginning, Danielli's 

group had decided to work with simpler organisms at first.  Danielli intended to master 

the nuclear transplantation technique using amoeba and sea urchin cells before applying 

the methods to mammalian cells.124  In 1950, Danielli and I. E. Lorch published their 

initial results using simple organisms in Nature.125  In their introduction, Danielli and 

                                                
123 Schultz, "The Question of Plasmagenes," 407.  
124 "Diary entry - GRP Diary, June 7, 1950 – London," RG: 12.2 Officers' Diaries, Pomerate, Gerard R., 
Box 68 Folder: "1950," Rockefeller Foundation Archives, RAC, Sleepy Hollow, NY.  Danielli expressed 
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the subject with several others, he collaborated significantly with the Swedish embryologist Hörstadius on 
much of this work.  Not surprisingly, Hörstadius has been identified as a part of the Gestaltungsgesetze 
group, specializing in transplantation techniques in embryology.  See n32. 
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Lorch placed nuclear transplantation experiments squarely within the debate of 

developmental control: 

While it is generally agreed that most of the factors so far studied which 
determine the character of an organism are apart of, or attached to, chromosomes, 
in the last decade or so a considerable body of evidence has come to light 
showing that some of these factors are not directly associated with 
chromosomes…In the field of differentiation, opinion has developed…inclining 
strongly to the view that the differences between differentiated cell types of the 
same organism are produced by changes in the cytoplasm, and are maintained by 
the cytoplasm…it is clear that there is inadequate evidence of the extent to which 
differentiation is initiated by, and maintained by, the nucleus and cytoplasm 
respectively.  The simplest way to obtain unequivocal evidence of the extent to 
which irreversible changes occur in nuclei and cytoplasm during differentiation 
would be to transplant nuclei and cytoplasm from one type of cell to another.126 

 
Danielli and Lorch drew only limited conclusions in this initial publication, though they 

did suggest that their studies showed that "the cytoplasm has an important influence" in 

differentiation.127 

 In 1952, C. W. Metz sponsored a paper in the Proceedings of the National 

Academy of Sciences by Robert Briggs and Thomas King.128  Entitled "Transplantation of 

Living Nuclei from Blastula Cells into Enucleated Frogs' Eggs," this paper declared the 

                                                
126 Lorch and Danielli, “Transplantation of Nuclei from Cell to Cell,” 329. 
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128 Robert Briggs and Thomas J. King, "Transplantation of Living Nuclei from Blastula Cells into 
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Schultz Correspondence, 1942-1943" FCCC Archives).  Metz also had spent some time as a visiting 
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understood the significance of Briggs and King's breakthrough. 
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first successful completion of nuclear transplantation experiments in metazoans.129  

Though Danielli had seemingly mastered nuclear transplantation methods using amoeba, 

he had been unsuccessful in adapting the technique to mammalian cells.130  In the 

intervening years between Danielli's 1950 work, Briggs and King had overcome some of 

the major problems involved in metazoan nuclear transplantation. 

 In their 1952 PNAS paper, Briggs and King resituated the implications of their 

work.  Throughout the preceding years, Briggs had validated his work as a way of 

deciphering the control mechanisms of development, as either directed by nucleus or the 

cytoplasm.  As quoted previously in the NCI grant that funded their nuclear 

transplantation work, Briggs had claimed the work would "get direct evidence concerning 

the roles of cell constituents in differentiation," and he particularly referred to the debate 

between those who favored classical genes and self-duplicating cytoplasmic elements.131  

Less than two years later, Briggs reframed his work in a larger narrative that dated back 

to August Weismann.  "The role of the nucleus in embryonic differentiation has been the 

subject of investigations dating back to the beginnings of experimental embryology," 

                                                
129 As Marie Di Berardino notes in her book and conveyed to me in an oral history, Thomas King had 
actually successfully performed the experiment in 1951, but during the excitement of show-and-tell, 
someone from a neighboring lab had inadvertently destroyed the first cleaved blastula.  It took a few 
months, but Briggs and King were eventually able to repeat the successful experiments and publish the 
findings in the 1952 PNAS paper. 
130 Diary entry - GRP Diary, March 18, 1953. RG 12.2 Officers' Diaries, Pomerate, Gerard R., Box 69, 
Folder: "1953," Rockefeller Foundation Archives, RAC, Sleepy Hollow, NY.  Danielli's troubles are not 
particularly surprising, considering the significant problems that mammalian embryos posed.  In fact, it was 
not until the early 1980s that mammals were successfully cloned, nearly 30 years after Briggs and King 
cloned the first vertebrate. 
131 Federal Security Agency, Public Health Service, Application for Grant-in-Aid, July 18, 1950, Grant: C-
913 "An Experimental Study of the function of cell components in embryonic differentiation and in 
carcinogenesis," p. 5. Folder: "C-913 King Briggs," FCCC Archives.  Emphasis in original. 
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Briggs and King began.132  Briggs and King then referenced the work of Roux and 

Weismann to prove their point, saying that the main question for these two nineteenth 

century embryologists focused on "whether [nuclei] remain equivalent or become 

differentiated as the various parts of the embryo differentiate."133 

 Briggs and King resituated their work in the context of Weismann because they 

could make only limited conclusions about the role of the nucleus in the cytoplasm.  

Their first experiments used nuclei from early blastulae that had already been proven to 

have totipotency.  In other words, they knew that the cell nuclei they transferred still 

retained the capacity to differentiate into any cell.  However, Briggs and King needed the 

first experiment to be confirmative rather than groundbreaking in its conclusions.  

Otherwise, it would have been difficult for the scientific community to accept their 

results.  At the end of their article, Briggs and King recognized that the importance of 

their work was not in the conclusions that they could derive from that first paper, but 

from what the technique would allow them to do in the future.134   

Briggs and King partly relied on the rhetoric of Weismann to validate their work 

in discussions of development, but they also suggested that nuclear transplantation had 

applications beyond the larger discussions in embryogenesis.  Briggs and King hoped that 

their technique could also "eventually be applied to the problem of developing an optimal 

nuclear medium – a matter which should have real importance for future studies of 

                                                
132 Robert Briggs and Thomas J. King, "Transplantation of Living Nuclei from Blastula Cells into 
Enucleated Frogs' Eggs," 455. 
133 Briggs and King, "Transplantation of Living Nuclei from Blastula Cells into Enucleated Frogs' Eggs," 
455. 
134 Briggs and King, "Transplantation of Living Nuclei from Blastula Cells into Enucleated Frogs' Eggs," 
462. 
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nuclear biochemistry."135 In another example, Briggs and King also saw their technique 

being used to test the capacity of nuclei after being exposed to variety of substances.  

This type of experiment would be particularly applicable to cancer research, as several 

studies in the field focused on the effect of carcinogens on the cell.  Thus, nuclear 

transplantation offered a way to understand if carcinogens were adversely affecting the 

nucleus or the cytoplasm, ideally providing clues as to the mechanisms that switched 

normal cells into cancerous cells. 

 

Conclusion 

With Briggs' and King's 1952 publication, the world was introduced to nuclear 

transplantation.  Though Spemann had already conceived of it, and similar experiments 

had been done on simple organisms, Briggs and King's success was considered a 

landmark technique.  As the next chapter will more fully detail, in the 1950s nuclear 

transplantation was lauded in the scientific community, and Briggs and King became 

prominent names.  However, publicly, nuclear transfer made little impact when it first 

appeared.  In a 1953 New York Times year-end review of science – which focused mainly 

on the continued success of nuclear physics – the work of Briggs and King was discussed 

in a small paragraph under the heading "Artificial Sugar."  After a two-sentence 

description of the work, the author, Waldemar Kaempffert, noted that "the achievement is 

of importance in cancer research because it is now possible to determine whether the 

                                                
135 Briggs and King, "Transplantation of Living Nuclei from Blastula Cells into Enucleated Frogs' Eggs," 
462. 
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structures that cause cells to differentiate and develop into organs and tissues are in the 

cytoplasm, or in the nucleus."136 

Notably, the first public notice of nuclear transplantation said nothing about 

cloning. Rather, one of the only contemporaneous public announcements about the 

technique linked it to cancer research.  Clearly, Briggs had several disciplinary and 

intellectual motivations for developing the technique, with embryologists and geneticists 

embroiled in a controversy over what controlled development.  However, the small 

announcement illustrates how LHRI's goals still played a prominent role in the 

motivations for the technique's development.  Just as Reimann and Hammett had hoped, 

Briggs had brought a particular approach to try and understand growth and development, 

which then could be parlayed into elucidating problems in cancer.  Moreover, the 

collaboration between Briggs and Schultz, even if it was only at the theoretical level, 

highlighted the problem-centered approach of the institute.  There were no departmental 

divisions to accentuate the disciplinary differences.  Rather, LHRI demanded that 

researchers share a common objective of understanding growth, with the ultimate goal of 

solving problems in cancer research. 

The development of nuclear transplantation of Briggs and King also highlights the 

role of experimental approach and technical ability in the history of biology.  

Traditionally, the theoretical underpinnings of science have been given much more 

weight than the technical and experimental approaches involved.  For the history of 

nuclear transplantation, a focus on the ideas behind the technique draw attention to 

figures such as Weismann, Spemann, and Schultz, all of whom can be considered 
                                                
136 Waldemar Kaempffert, "The Year In Science: Nuclear Physics Continued to Hold World Attention – 
Piltdown Man an Anticlimax," New York Times (December 27, 1953): 7. 
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generators of ideas.  However, Briggs and King were the first to succeed in transferring 

nuclei, which underscores the importance of their experimental approach rather than their 

theoretical backgrounds.  The direction of Briggs and King's work immediately following 

the first successful experiments illustrates how the technique itself had become the focus, 

not the Weismannian questions they alluded to in the intro of their first paper.  Briggs and 

King designed the next round of experiments to elucidate the power of the approach 

itself, rather than to immediately pursue the larger questions that they said Weismann had 

put forward in the nineteenth century.  In the next chapter, I explore how the laboratory 

team at LHRI immediately attempted to understand the limits of nuclear transplantation, 

knowing that any claims they eventually would make would be based on the validity of 

the technique. 
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Chapter 3 
 

The Proliferation and Interpretation of Nuclear Transplantation 
 

In his 1952-1953 annual report, Stanley Reimann singled out the problem of 

differentiation as a specific focus of the institute that year among "many facets of the 

cancer problem [that] have been investigated."1  Of course, the problem of differentiation 

was well within the framework of the institute – to study the problem of growth, both 

normal and abnormal, from a variety of perspectives and methods.  Generally, research 

into cellular differentiation focused on understanding, how, when, and why life emerged 

from a single cell to form an organized organism made up of various cell types.  

However, studies into differentiation also sought to explain growth during regeneration 

and how normal cells transformed into cancer cells.  As with the broader goals of 

understanding growth, LHRI scientists approached the study of differentiation using a 

variety of tools and investigative practices. 

Reimann claimed that a greater understanding of differentiation would have 

profound consequences in both medicine and biology.  "We recognize," Reimann wrote, 

"in [differentiation] a phenomenon which not only is of intense practical use, as in the 

diagnosis of tumors, but also is of theoretical importance as one of the most fundamental 

of cell activities."2  Reimann went on to briefly describe some of the work that the 

various departments in the institute had done in this area, which included experiments in 

metabolic chemistry, protein synthesis, heredity, immunology, and clinical work.  

                                                
1 Institute for Cancer Research and the Lankenau Hospital Research Institute, Fifth Scientific Report, 
1952-1953 (Philadelphia, Pa.; Lankenau Hospital, 1953): 5. 
2 Institute for Cancer Research and the Lankenau Hospital Research Institute, Fifth Scientific Report, 
1952-1953, 5. 
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Reimann's focus on illustrating the multi-faceted approach to one problem under the 

general umbrella of growth studies was characteristic of the way in which he introduced 

all his annual reports.  Reimann tended to choose his focus based on the most exciting 

work that had been done at the institute that year.  In the annual report for 1952-1953, it 

appears that the embryological work done by Briggs' group had inspired Reimann's 

introduction expounding upon the virtues of studying differentiation.  Nuclear 

transplantation, Reimann stated, helped researchers find "direct evidence of the 

respective roles of nuclei and cytoplasm" in the process, making great strides in 

understanding differentiation.3  Ultimately, Reimann's introduction underscored the 

significance of nuclear transplantation, particularly in its importance to larger arguments 

about nucleo-cytoplasmic interactions active among biologists during that period. 

As Reimann's focus shows, there was anticipation in the immediate aftermath of 

Briggs and King's first successful experiments.  Many different motivations, both for 

basic knowledge of the cell and for cancer research in general, had fed into the creation 

of the technique, and in the months following there was hope that nuclear transplantation 

could provide useful results for all interested groups.  But the technique was new, and 

before it could be integrated into experimental programs that went far beyond the scope 

of the initial experiments, Briggs and King needed to understand its boundaries.  How 

was the technique of nuclear transplantation itself affecting the experimental results?  

Like early microscopists who had to contend with an imperfect lens, Briggs and King 

needed to know which results were artifacts of the experimental system, and which 

results could be interpreted as new knowledge about nature. 
                                                
3 Institute for Cancer Research and the Lankenau Hospital Research Institute, Fifth Scientific Report, 
1952-1953, 5. 
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In the first few years of their new research program, Briggs and King 

concentrated on defining nuclear transplantation's boundaries.4  They first crafted 

experiments that could help them better understand how nuclear transplantation was 

affecting the embryo, and then sought to improve the performance of the technique.  

Once Briggs and King had done that, however, they began to conduct experiments that 

would generate new insights into the nature of the hereditary material and its role in 

development.  By 1956, Briggs, King, and their co-investigators had carried out enough 

nuclear transplantation experiments that they felt that they could make new conclusions 

about the differentiation of nuclei during development.  Specifically, after seeing a 

pattern of incomplete development when using nuclei from progressively older cells, 

Briggs and King concluded that their nuclei gradually changed in some way during 

embryogenesis, losing the ability to reinitiate development. 

However, beginning in 1958, a new researcher, John Gurdon, began to develop 

conflicting conclusions that again raised the issue of nuclear transplantation's fallibility.  

Gurdon had produced remarkably similar results to Briggs and King, finding nearly 

identical trends in the way that more specialized cells reacted to nuclear transplantation 

                                                
4 Briggs was the head of the embryological laboratory, and a majority of the papers that came out of the 
laboratory during his tenure included his name.  King had been brought in especially for nuclear 
transplantation work and also appeared as first or second author on many of the nuclear transplantation 
papers.  He later succeeded Briggs as the head of the embryological division after Briggs left in 1956.  
However, there were several other researchers in the laboratory during the 1950s who worked closely with 
Briggs and King in nuclear transplantation research.  First and foremost of these was Marie Di Berardino, 
who began working as a laboratory technician with Briggs on the project in 1948 before King had been 
hired.  She worked at the laboratory for the majority of her career, earning a PhD with her work.  Other 
researchers included Marie Creech (wife of fellow LHRI employee Hugh Creech), Philip Grant and E.U. 
Green, all of whom appeared as research associates on the NCI grant that funded much of the early nuclear 
transplantation work.  In 1958, Robert McKinnell entered the LHRI laboratory as a postdoctoral fellow, 
quickly becoming an integral member of the LHRI staff.  Ultimately, referring to the nuclear 
transplantation research of Briggs and King during the 1950s includes interactions and input from all of 
these scientists. However, since I will not be breaking down the ways in which particular ideas were 
adopted or debated within the group itself, I use the shorthand of "Briggs and King" to mean the work of 
the entire laboratory itself. 
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experiments.  However, Gurdon needed only a few positive results to convince him that 

Briggs and King were wrong and that the nuclei of even fully specialized cells still held 

the potential to completely repeat development.  A significant conflict ensued over the 

results of Gurdon's work, focused mainly on the limitations of nuclear transplantation and 

how to interpret its results.  Where Gurdon saw success, other nuclear transplant 

scientists saw an experimental artifact. 

This chapter examines more closely the first decade of nuclear transplantation, 

paying particular attention to the implementation of the technique and how researchers 

interpreted the resulting data.  As the narrative above illustrates, an analysis of the history 

of nuclear transplantation during the 1950s demonstrates how scientists negotiated the 

process of understanding the world.  The development of a technique such as nuclear 

transplantation is akin to a new experimental technology.  As a technology, nuclear 

transplantation was mediated by scientists, who judged the validity of the results based on 

a number of contingent factors.5   

To understand the factors at play in this negotiated process, I rely on the 

historiographical literature in the history of science focused on scientific practice.6  In 

                                                
5 In particular, the work of Nicolas Rasmussen in Picture Control: The Electron Microscope and the 
Transformation of Biology in America, 1940-1960 (Palo Alto, CA: Stanford University Press, 1999) has 
been helpful in conceiving of nuclear transplantation as an experimental technology, whose use needs to be 
negotiated by its users.  Rasmussen focuses on the electron microscope, a system much more easily 
identified as a technology, and how its creation, use, and results were debated and constructed by several 
different groups.   
6 A focus on scientific practice came out of a movement focused on the material culture of science, 
particularly the laboratory.  For early research into this concept, see Sharon Traweek, Beamtimes and 
Lifetimes: The World of High Energy Physicists (Cambridge, MA: Harvard University Press, 1988) and 
Peter Galison, "Bubble Chambers and the Experimental Workplace," in Observation, Experiment, and 
Hypothesis in Modern Physical Science, ed. Peter Achinstein and Owen Hannaway (Cambridge, MA: The 
MIT Press, 1985): 309-373.  Many of these early histories also demonstrated that looking at material 
culture and craft granted insight into production of knowledge in laboratory sciences and the social 
conventions that pervaded them.  The two best examples of these are Bruno Latour and Steve Woolgar, 
Laboratory Life: The Social Construction of Scientific Facts (Beverly Hills: Sage, 1979) and Steven 
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particular, the work of Robert Kohler has been helpful in conceiving of the different ways 

in which organisms and techniques can be understood as technologies and understanding 

the impact that they have on the practice of science.  Some of these historical tools, such 

as the way the natural history of organisms help shape experimental practice, have been 

extremely useful.  On the other hand, Kohler's emphasis on the moral economy of the 

laboratory has not been as applicable, since my emphasis has been focused more on the 

intellectual negotiations and use of nuclear transplantation, rather than on the social 

environment in which these discussions took place.  

As an outcome of focusing on the application of nuclear transplantation, other 

narratives emerge beyond conflicts about the technique's limits.  In particular, this 

chapter traces the movement of nuclear transplantation into various other laboratories 

around the world.  Most of the web of knowledge that grew out of this discussion had its 

roots in the LHRI laboratory itself, where a series of postdoctoral scholars, visiting 

students, and interested faculty learned the technique directly from Briggs and/or King 

before bringing it back to their own laboratories.  In this way, one can see the 

dissemination of nuclear transplantation from the center axle that is LHRI to various 

laboratories around the world – including Oxford University in the mid-1950s, where 

John Gurdon was eventually introduced to it. 

Not only does the example of the conflicts surrounding nuclear transplantation in 

the 1950s contribute to the historiographical literature about scientific practice, but it also 

serves as a case study for philosophers of science.  In particular, nuclear transplantation 

can be seen as an example of underdetermination of theory, which speculates about the 

                                                                                                                                            
Shapin and Simon Schaffer, Leviathan and the Air Pump: Hobbes, Boyle, and the Experimental Life 
(Princeton: Princeton University Press, 1985). 
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relationship between theory and evidence.  In some ways, nuclear transplantation acts as 

an example of how there can be competing theoretical interpretations using similar data, 

as Briggs and Gurdon had interpreted the results of nuclear transplantation experiments 

very differently despite the overwhelming similarities of their results.  However, the 

example of nuclear transplantation also illustrates how more than just data and theory 

need to be included in such discussions, as the key differences in the nuclear 

transplantation debates revolved around the validity of specific research and, in general, 

the limits of what scientists believe methods and tools can say about the natural world. 

The chapter begins with Briggs and King's first experiments after their initial 

success, tracing the progress of their work until they reached what they believed to be a 

convincing interpretation of their results in 1956.  The following discussion demonstrates 

how the technique of nuclear transplantation moved into various laboratories around the 

world, mostly through the direct influence of LHRI training.  The final section of the 

chapter explores the work of John Gurdon and the conflicts that arose after his initial 

interpretations. 

 

Drawing Boundaries and Making Conclusions: Nuclear Transplantation Work, 

1952-1956 

 After Briggs and King published their paper in May of 1952, the excitement 

surrounding nuclear transplantation focused on the success of the experimental technique 

rather than the new theoretical claims established by the group.  In their initial paper, 

Briggs and King had relied on conclusions from embryology about the qualities and 
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proclivities of early blastulae cells in order to be successful.7  Experimental embryology 

in the previous decades had shown that these early embryonic cells were undifferentiated, 

meaning that they still had the capacity to become any type of cell.8  Working from that 

premise, Briggs and King surmised that if they could effectively transplant a nucleus 

from one of these cells into an enucleated embryo, then they should be able to create an 

embryo that developed normally.  Indeed, Briggs and King were able to create many 

embryos that cleaved normally, just as they predicted.  Given this evidentiary 

confirmation, Briggs and King felt confident that nuclear transplantation had worked.  In 

their discussion, they stressed the potential of nuclear transplantation to answer several 

important questions in the field but did not attempt to draw any new conclusions about 

development. 

 As I elaborated in chapter two, many of the important questions that Briggs and 

King hoped to answer dealt with understanding the roles of the nucleus and the cytoplasm 

in development.  Briggs' interest grew out of both his background in embryology and 

significant influence from geneticists.  Thus, the nuclear transplantation experiments 

reflected the broader debates between geneticists and embryologists during the 1940s and 

illustrated the importance of experimental approaches in the discovery process.  As other 

                                                
7 Robert Briggs and Thomas King, "Transplantation of Living Nuclei from Blastula Cells into Enucleated 
Frogs' Eggs," Proceedings of the National Academy of Sciences 38 (May 15, 1952): 455-63. 
8 Much experimental work had been done on transplanting entire cells from one developmental stage to a 
different developmental stage in another embryo.  The idea behind these experiments was that if the 
original cell was located in a part of the embryo that would eventually become the gut, but then was 
transplanted to a part of an embryo that would later become the spinal cord and the transplanted cell 
actually participated in that development, then the transplanted cell retained a totipotent quality.  However, 
if the cell did not respond to the new developmental pattern/geography, then embryologists concluded that 
the cell had lost its capability to become any type of cell.  Experiments had shown that blastulae cells still 
retained the ability to be a part of any development pattern, but cells in later stages of development had 
shown signs of having lost the plasticity to develop into many different cells.  For an example of this type 
of research, see Hans Spemann, Embryonic Development and Induction (New Haven: Yale University 
Press, 1938). 
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biologists' attempts to carry out similar experiments during the same period indicated, 

nuclear transplantation was thought to have the potential to resolve the debates 

surrounding many questions in genetics, embryology, and cell biology.  The development 

of nuclear transfer by Briggs and King in 1952 created an opportunity to resolve these 

debates.  However, before Briggs and King embarked on the next phase of experiments 

that would begin to answer significant questions about development, they tried to 

anticipate some of the challenges that could be leveled against their work.  Briggs 

realized that if they intended to make strong claims about the role of the nucleus in 

development – a contentious topic to be sure – they would need to anticipate the skeptics 

who believed the nucleus completely directed development and those who placed more 

importance on the cytoplasm. 

For example, one of the first problems that Briggs and King sought to address 

dealt with the influence of foreign cytoplasm.  To successfully carry out nuclear 

transplantation, Briggs and King had to transfer a small amount of the donor cell's 

cytoplasm along with the nucleus.  For embryologists who strongly believed that the 

agent of cellular differentiation resided in the cytoplasm, Briggs and King needed to 

account for the experiment's small amount of transferred cytoplasm.  To begin to address 

this concern, Briggs and King noted in their initial 1952 paper that the amount of 

cytoplasm that was transferred into the embryo was virtually non-existent when 

compared to the total amount of cytoplasm present in the embryo.  They also suggested 

experiments that could specifically address this concern, which they designed and carried 

out in the next round of experiments, providing enough evidence to counter the criticisms 

of cytoplasmic influence. 
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The next phase of work for Briggs' laboratory focused on clarifying experiments, 

cautiously testing the limits of nuclear transplantation.  Moving the research along 

slowly, rather than immediately attempting to transplant specialized cell nuclei, was a 

show of restraint and patience on the part of Briggs.  Even when nuclear transplantation 

was presented in the past as a "fantastical" experiment, as Hans Spemann dubbed it, the 

primary goal was always to apply the technique to nuclei of specialized cells.9  Yet 

Briggs proceeded prudently, spending the rest of 1952 conducting experiments on early 

cells that strengthened the confidence that other biologists could have in the technique's 

results and clarifying the types of questions that could be answered using the method.  

Beyond addressing future concerns of the validity of the work, Briggs also used these 

initial experiments to improve the technique.  

The two papers that they published in 1953 reflected Briggs and King's 

commitment to understanding the boundaries of nuclear transplantation.  In April of 

1953, Briggs and King published an article that explicitly addressed the factors affecting 

the transplantability of nuclei.10  This paper essentially represented a more detailed 

analysis of the experimental design, particularly focusing on understanding the variables 

within the experiment that were the most important in determining the success of the 

procedure.  To do this, the group transplanted nuclei from early gastrula cells, the 

developmental phase that closely follows the blastula stage that they used for the original 

experiment.  Briggs and King found a significant decrease in the number of normally 

developing embryos using nuclei from this later stage; however, they wanted to have a 

                                                
9 See Hans Spemann, Embryonic Development and Induction (New Haven: Yale University Press, 1938): 
211. 
10 Robert Briggs and T. J. King, "Factors Affecting the Transplantability of Nuclei of Frog Embryonic 
Cells," Journal of Experimental Zoology 122 (1953): 485-505. 
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clear understanding as to whether the difference was an experimental artifact or whether 

the nuclei had been irrevocably changed in some way. 

As in the first paper, Briggs had specific expectations about the results of the 

work.  Briggs noted that the 1952 paper "demonstrates the correctness of what we had 

assumed on embryological grounds, namely, that the nuclei of blastula animal 

hemisphere cells are not differentiated."11  Similarly, Briggs and King assumed that early 

gastrulae nuclei should be able to reinitiate development after a successful nuclear 

transplantation as well because previous embryological work had shown that they also 

retain their plasticity to become other types of cells.  Yet, in the experiments, Briggs and 

King found a disparity in the number of successfully developing embryos. 

Briggs and King used the difference in success rate between cells in early gastrula 

and blastulae to investigate some of the variables of nuclear transplantation, since 

theoretically both should have produced the same results.  The variables that they tested 

included the division stages of donor cells, the volume of cytoplasm present in each cell, 

and the medium in which the procedure was carried out.  Ultimately, Briggs and King 

found that it was the volume of cytoplasm that made the most difference in the success 

rate of nuclear transplantation.  Blastula cells are much larger than gastrula cells. 

Consequently, during the process of extracting the nucleus, more of the immediately 

surrounding cytoplasm is also removed than with the nuclei of gastrulae cells.  These 

experiments demonstrated to Briggs and King that the donor cytoplasm protected the 

nuclei from damage during transplantation.  Therefore, the disparity of successful 

development between the two types of nuclei could be attributed to the experimental 
                                                
11 Robert Briggs and T. J. King, "Factors Affecting the Transplantability of Nuclei of Frog Embryonic 
Cells," 485. 
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technique and the damage it caused to nuclei, rather than an intrinsic property of the 

nuclei due to development.   

Though the history is detailed and somewhat tedious, it is important to understand 

the work that followed Briggs' and King's initial 1952 paper.  The work described above 

highlights important issues concerning Briggs and King's approach to nuclear 

transplantation.  First, it reinforces the claim made in chapter 2 that they were working 

within an experimental embryology approach.  In the first experiment Briggs and King 

based their expectations on work completed in the field of embryology rather than 

genetics or cytology.12 Rather than relying on genetics research on Drosophila or on 

cytological studies dealing with cell division, Briggs and King cited work done in 

experimental embryology that showed the capacity of certain cells during development.  

The subsequent papers published by Briggs and King continued to show a reliance on 

theories developed in embryology, which also clearly influenced the direction of their 

research.  Moreover, it is clear that Briggs and King immediately engaged with 

embryologists' concerns with the experimental design.  This can be seen in the 1952 

paper when Briggs and King noted the quantity of cytoplasm transferred, but also in their 

1953 paper discussed above and in the work published later that year.   

The June 1953 paper also represented a significant piece of King's dissertation, 

which he completed after he started at LHRI in 1950.13 In this research, King and Briggs 

tried to use nuclear transplantation to understand the nucleo-cytoplasmic interactions in a 

                                                
12 For instance, evidence from genetics might consist of heredity studies done with Drosophila, and if they 
relied on cytological studies they might have drawn from experiments dealing with mitosis and meiosis.  
13 King was primary author: Thomas J. King and Robert Briggs, "The Transplantability of Nuclei of 
Arrested Hybrid Blastulae," Journal of Experimental Zoology 123 (June 1953): 61-78. 
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lethal hybrid.14  In other words, they transplanted nuclei from one Rana species into a 

closely related species in an attempt to understand whether development aborted because 

the nuclei could not function properly in foreign cytoplasm, or if the cytoplasm could not 

appropriately manipulate a foreign nucleus.  As with their previous work, this question 

was derived from the larger conversation about the role of each unit in development, with 

geneticists arguing in favor of an active nuclei directing development in a passive 

cytoplasm and embryologists insisting that the cytoplasm manipulated the nucleus 

throughout.  Previously, breeding experiments had been the only way to get at this 

problem, but these experiments yielded few results because of the complicated 

mechanisms involved in fertilization, obscuring their ability to decipher any 

interactions.15 King and Briggs decided to use nuclear transplantation as a more direct 

and repeatable way to introduce a foreign nucleus into an embryo, and they hoped that 

the technique would help articulate the interactions between the foreign nucleus and 

cytoplasm.  At the end of the paper, King and Briggs concluded that there was significant 

interaction between the two elements, undermining strict support for either a pro-

cytoplasm or a pro-nucleus understanding of development.  Ultimately, nuclear 

transplantation allowed lethal hybrids to become a better model system to investigate 

interactions between the nucleus and cytoplasm than previous studies had been able to 

                                                
14 This had been an ongoing project in the LHRI laboratory. See Robert Briggs, E. U. Green, and T. J. 
King, "An Investigation of the Capacity for Cleavage and Differentiation in Rana pipiens Eggs Lacking 
'Functional' Chromosomes," Journal of Experimental Zoology 116 (1951): 455-500. 
15 Right before King and Briggs published their article, however, some interesting work had been done 
using biochemical analysis of lethal hybrids.  In particular, Jean Brachet at the University of Brussels used 
lethal hybrids extensively in his chemical embryology work, which Briggs and King cite in their own 
papers.  For example, J. Brachet, "The Role of the Nucleus and the Cytoplasm in Synthesis and 
Morphogenesis," Symposia of the Society for Experimental Biology 6 (1952): 173-200.  In this article, 
Brachet focused on protein and nucleic acid production and argued against developmental models produced 
by geneticists – particularly Caspersson, one of Jack Schultz's mentors – that claimed the nucleus was the 
center of protein synthesis and thus directed the development of the rest of the cell. 
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offer.  It should be noted that by emphasizing the importance of the interactions between 

the nucleus and cytoplasm, and the usefulness of an embryological approach, this 

research bolstered arguments from embryologists that the orthodox methodology 

advocated by geneticists would not be as productive as they claimed.16 

Over the next few years, Briggs' embryology laboratory at LHRI began to focus 

on more novel experiments that resulted in new claims rather than confirmations.  In 

1954, Briggs and King conducted work that extended knowledge about the potential and 

plasticity of nuclei throughout development, rather than confirming older embryological 

assumptions.  As previously stated, Briggs and King had initially used nuclei from young 

embryos, and embryologists had already concluded that these cells were malleable and 

retained the ability to develop into any type of cell.  These early developmental stages 

included blastula and early gastrula cells.  In the next phase of experiments Briggs and 

King began to use cells from the late gastrulae stage.  An embryo in the late gastrulae 

stage contained many distinct cell lines, which can be directly traced to later parts of the 

adult organism such as the nervous system, the gut, and organs.  In the spring of 1954, 

King and Briggs published a paper that outlined the use of nuclear transplantation in two 

of these cell lines.  As in their earlier experiments, Briggs and King concluded that nuclei 

from these stages still retained an undifferentiated quality even though the cells 

themselves had begun to acquire distinctive traits.17  In essence, Briggs and King 

                                                
16 Scott Gilbert, "Cellular Politics: Ernest Everett Just, Richard B. Goldschmidt, and the Attempt to 
Reconcile Embryology and Genetics," in The American Development of Biology, ed. Ronald Rainger, Keith 
R. Benson, and Jane Maienschein (New Brunswick: Rutgers University Press, 1991): 311-46 
17 Thomas King and Robert Briggs, "Transplantation of Living Nuclei of Late Gastrulae into Enucleated 
Eggs of Rana pipiens," Journal of Embryology and Experimental Morphology 2 (1954): 76. 
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believed that changes had not occurred to the nuclei that would prevent them from 

reinitiating development and becoming any type of cell. 

Briggs and King did notice some discrepancies in the number of normal embryos 

that developed in these later stages, however.  According to their 1954 data, 34% of 

nuclei from the blastula and 21% of nuclei from early gastrula cells produced normal 

embryos.  In comparison, the nuclei taken from two older cell lines in the late gastrula 

stage produced between 8% and 9% normal embryos.18  The differences, they said, could 

be attributed to the technical difficulties of working with the smaller cells of the later 

development stage, a conclusion that they drew from their earlier work that had 

illustrated some of the limitations of the technique.  When they submitted the paper, 

Briggs and King still believed that even with the reduced percentages of success the 

nuclei of cells from this later stage still retained the full potential to produce any type of 

cells.  The discrepancies were an experimental artifact, not a true depiction of nature.  It 

turns out, however, that Briggs and King had published too soon.  Had they waited a few 

more weeks before submitting their paper, they would have noticed a trend in their 

research. 

By the middle of 1954, Briggs and King had changed their minds.  It had been 

over two years since they had developed nuclear transplantation, and throughout that 

period they had continually improved the efficiency of the technique.  With their 

improved skills and methods, Briggs and King repeated earlier experiments to see if any 

new insights could be found.  They also continued to transplant nuclei from more 

specialized cells.  Using new methods that helped separate donor cells more effectively, 
                                                
18 Thomas King and Robert Briggs, "Transplantation of Living Nuclei of Late Gastrulae into Enucleated 
Eggs of Rana ipiens," 76. 
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Briggs and King dramatically increased the success rate of nuclear transplantation using 

the early gastrula cells, going from 21% to 41%.19  They also repeated the 1954 

experiments that used late gastrula nuclei and again found an increase in efficiency from 

8% to 22%.  However, they noticed a problem with this last round of experiments.  In the 

initial experiments that yielded 8%, only a fraction of the successful nuclear 

transplantations had developed into late stage embryos, a phenomenon that Briggs and 

King dismissed as experimental defect.  When Briggs and King repeated the experiments 

and got a dramatically increased rate of success in the nuclear transplantation, they did 

not see any increase in the fraction of embryos that developed normally.  Though they 

had succeeded in creating more developing embryos overall, they did not see an increase 

in the number of normal development.  They also transplanted nuclei from mid-neurula 

and tail-bud stage embryos and found similar results but with even less success overall.  

It appeared that Briggs and King needed to reevaluate their definitions of what 

constituted a successful nuclear transplantation.   

In the beginning, a successful nuclear transfer was defined as one of the newly 

created embryos that progressed beyond the first few stages of development to blastula 

formation.  The reasoning for this had to do with an extensive amount of embryological 

work done on deciphering necessary conditions for an embryo to initiate and complete 

normal development.  This literature dates as far back as Jacques Loeb's work at the turn 

of the century, when he claimed to have coaxed an egg into developing without being 

                                                
19 T.J. King and R. Briggs, "Changes in the Nuclei of Differentiating Gastrula Cells, as Demonstrated by 
Nuclear Transplantation," Proceedings of the National Academy of Sciences 41 (1955): 321-25. 
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fertilized.20  The egg divided only a few times until it stopped, but the experiment 

inspired years of work to determine the conditions of development.  All the work that 

Briggs did in the late 1940s concerning ploidy – the number of chromosome sets present 

in a cell – also weighed significantly on this central issue of requisite developmental 

factors, as it was found that organisms needed to have a specific set of chromosomes to 

develop normally.  Consequently, Briggs was very aware that embryos could develop 

only to a certain point without a functional nucleus.  Therefore, Briggs surmised that to 

assess the success of a nuclear transplantation, one needed to track the embryo only to a 

certain stage of development.  During their first few years Briggs and King decided that if 

the created embryo reached the blastula stage then there was no need to allow each 

embryo to develop into a fully mature frog before announcing success.  The fact that it 

reached that point was enough to show those familiar with the prerequisites of early 

development that the procedure had successfully transferred a complete and active 

nucleus.  Marie Di Berardino, the original technician in the laboratory, recalls that during 

the first few years of nuclear transplantation work that they would simply dump the 

tadpoles down the sink.21  It was not until the late 1950s, when a new postdoctoral fellow 

named Robert McKinnell joined the laboratory, that allowing frogs to grow to maturity 

became a research priority.22 

It had become clear that the researchers needed to delineate the difference 

between a successful nuclear transplantation and successful development.  Their work in 

1954 had shown an increase in the success of nuclear transplantation with late gastrula 
                                                
20 For an extensive discussion of Loeb's work, see Philip J Pauly, Controlling Life: Jacques Loeb and the 
Engineering Ideal in Biology (New York: Oxford University Press, 1987). 
21 Marie Di Berardino, interview by author, March 2, 2011, Haverford, PA: 35. 
22 Marie Di Berardino, interview by author, March 2, 2011, Haverford, PA: 35. 
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cells, but it had not improved the number of mature embryos that developed.  Briggs and 

King's previous assumptions that the early death of the embryos was due to a technical 

problem now seemed to be the wrong conclusion.  Rather, Briggs and King reported in 

their 1954 NCI progress report that "this conclusion was shown to be partly in error."23 In 

a paper published in 1955 they rescinded their previous claims more formally, stating that 

"from the results described…it now appears definite that nuclei undergo certain changes 

during differentiation."24  Moreover, they said, "It suggests a progressive specialization of 

nuclear function during cell differentiation."25 

In arguing these conclusions, Briggs and King had gone far beyond simply 

confirming previously held theories.  The long-standing questions of Weismann that they 

had alluded to in their first paper in 1952 became much more relevant with these new 

conclusions.  The nuclei, it seemed, changed during development just as the cells 

themselves showed physical signs of specialization.  The evidence certainly supported 

that conclusion.  Briggs and King had shown that nuclei from early stages of 

development could create normally developing embryos that easily became swimming 

tadpoles.  As they became more proficient with the technique, they could produce more 

normally developing embryos from these early cells.  That was not the case with the 

experimental evidence from older embryos.  As Briggs and King's technical efficiency 

rose, the number of normally developing embryos stayed the same.  The few normal 

                                                
23 Public Health Service, Progress Report for Research Grant No. C-913 (C3 and C4), "The Role of the 
Nucleus in Embryonic Differentiation and Carcinogenesis, Investigated by Means of Nuclear 
Transplantation," Robert Briggs, Principal Investigator, July 24, 1954 (Date of Preparation), 6.  FCCC 
Archives, Folder: "C-913 King Briggs." Fox Chase, Philadelphia. 
24 T. J. King and R. Briggs, "Changes in the Nuclei of Differentiating Gastrula Cells, as Demonstrated by 
Nuclear Transplantation," 324. 
25 T.J. King and R. Briggs, "Changes in the Nuclei of Differentiating Gastrula Cells, as Demonstrated by 
Nuclear Transplantation," 324 
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embryos that were produced could be explained through already-known embryological 

theories.  As more specialized cell lines emerged from the indefinite mass, some non-

specialized cells – what would eventually be known as stem cells – could still be found 

within these new cell lines.  As the embryo aged, the number of undefined cells in 

specific cell lines lessened as more and more features of the organism arose.  However, 

stem cells could be found even in organs of a matured organism; they were not only 

confined to early developmental stages.  Therefore, Briggs and King explained the lower 

success rate of nuclear transplantation in older embryos as indicative of the smaller ratio 

between the highly plastic, unformed cells, and the cells that had gained more specialized 

features.  Nuclei from these later cells appeared to lack the capability to direct 

development. 

For the next few years, Briggs, and later King, conducted experiments that fleshed 

out the their conclusions about restricted development.  For instance, was there a 

correlation between what type of abnormal development occurred and which types of 

cells were used in the nuclear transplantation experiments?  Briggs and King 

hypothesized that if nuclei were restricted during the course of cellular specialization, it 

would follow that different cells should have different types of restrictions.  In 1955 

Briggs' lab began to pursue this research question, publishing a significant paper in 

1956.26  In their work, Briggs and his colleagues began by carrying out successful nuclear 

transplantations of older nuclei. When the newly created embryo reached the blastula 

stage, an early stage in which the oncoming developmental abnormalities would have yet 

to show themselves, they used the nuclei in these early cells to carry out new nuclear 
                                                
26 Thomas King and Robert Briggs, "Serial Transplantation of Embryonic Nuclei," Cold Spring Harbor 
Symposia on Quantitative Biology 21 (1956): 271-90. 
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transplantation experiments.  The concept behind this procedure was that earlier work 

had shown complete and normal development when using the undetermined cells of the 

blastula.  However, the blastula nuclei had derived from what Briggs and King knew 

would more than likely be an abnormally developing embryo.  They called this procedure 

"serial nuclear transplantation," as one could continue the experiment indefinitely, 

creating thousands of generations of genetically identical embryos, all of which were 

derived from a single transplanted nucleus.  Just as they had hypothesized, Briggs and 

King found patterns of abnormal development.  Using the undefined cells created from 

nuclear transplantations of older nuclei, Briggs and King found that subsequent transfers 

would lead to new embryos displaying patterns of abnormality that corresponded to the 

type of nucleus used in the original nuclear transplantation.  They also continued to 

notice diminished capabilities of older nuclei.  By now it was clear to Briggs and King – 

nuclei changed during development.27 

Briggs' and King's conclusions corroborated many embryologists' understanding 

of development in the 1950s.  Many prominent biologists had assumed that nuclei 

changed in fundamental ways during this period of life.  For example, Briggs' and King's 

work dovetailed nicely with the theories of one of the most prominent developmental 

biologists during the middle of the twentieth century, Paul Weiss.  Weiss had gained 

prominence for his work on the development of organ systems, particularly the nervous 

system.  Weiss also published a significant textbook, Principles of Development, in 1939, 

                                                
27 In subsequent papers, Briggs and King would continue to confirm their conclusions, using nuclear 
transplantation in a variety of different ways.  For examples, see Robert Briggs and Thomas King, 
"Changes in the Nuclei of Differentiating Endoderm Cells as Revealed by Nuclear Transplantation," 
Journal of Morphology 100 (1957): 269-312; Robert Briggs and Thomas King, "Nuclear Transplantation 
Studies on the Early Gastrula (Rana pipiens). I. Nuclei of Presumptive Endoderm," Developmental Biology 
2 (1960): 252-70.  
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while he was a professor at the University of Chicago.28  The pioneering textbook 

popularized the concept of "morphogenetic fields" as the comprehensive way to 

conceptualize the process of development, particularly differentiation and cellular 

regulation.29  Morphogenetic fields, particularly popular amongst embryologists during 

the 1930s and 1940s, became the dominant developmental framework for many years.  

By the 1950s, however, it had become an outmoded way of conceiving of the process, as 

genetics and molecular biology continued to emphasize the role of genes in directing 

development.30  In general, Weiss was seen as a forward thinker, one who consistently 

pushed the discipline in directions that he thought would be most productive.  Luckily, 

Briggs and King worked on a subject and used methods that Weiss applauded.31  As 

director, chairman, and editor of several prominent organizations, committees, and 

journals as well as a fellow of the National Academy of Sciences, Weiss lectured widely 

on a variety of subjects. In the 1950s, however, he was particularly fond of discussing the 

subject of differentiation.  He not only lectured on new findings but also on what 

questions needed to be answered and the general direction of the field.  In one January 

1953 lecture given at Johns Hopkins University, Weiss spoke specifically about the 

changes that occurred in the cell during development.  This topic was indicative of the 

                                                
28 Paul Weiss, Principles of Development: A Text in Experimental Embryology (New York: Henry Holt and 
Company, 1939). 
29 Morphogenetic fields as a concept originated out of the limb regeneration work of Harrison in the late 
1910s, and Hans Spemann developed it further in the 1920s.  Weiss generalized the specific theory to 
encompass a broad swath of embryology.  See Scott Gilbert, "Bearing Crosses: A Historiography of 
Genetics and Embryology," American Journal of Medical Genetics 76 (1998): 177. 
30 Gilbert, "Bearing Crosses," 178.  Gilbert also sees the hardening of the evolutionary synthesis as a 
significant contributing factor to the decline of the morphogenetic fields concept, as the hardening 
continued to emphasize genes as the core unit of evolution. 
31 As chapter one showed, Weiss was also an original member of the Society of Growth and Development, 
which held its first meeting in 1939.  LHRI directors Reimann and Hammett were influential in initiating 
both the society and the associated journal Growth. Moreover, Briggs attended the Growth symposia 
regularly, including the first one (at which Weiss was also present). 
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general tenor of his notes and speeches.  Did Weiss believe that the nucleus changed?  

"Presumably," he wrote.  The genome?  "Probably not."32  Weiss expressed these ideas 

before Briggs and King concluded that the nucleus did indeed become differentiated 

during development.  Moreover, Weiss made specific recommendations that 

developmental biology "proceed beyond the trivial assertion that they [the genes, nucleus, 

and the cytoplasm] all are involved in the process of differentiation, and...examine just 

how and when each component participates."33  By disassociating nuclei from the 

cytoplasm and reintroducing them in a variety of ways, Briggs and King were doing 

exactly this type of research.  Moreover, they had put forward a conclusion that fit well 

within the accepted web of scientific ideas.   

Overall, biologists at the time saw nuclear transplantation as some of the most 

important experimental work done in the field.  It was described as one of the most useful 

and promising lines of research, and textbook writers during this time easily integrated 

Briggs' and King's conclusions into their overall frameworks.  Some textbooks, such as 

Christiaan Pieter Raven's An Outline of Developmental Physiology, integrated Briggs' and 

King's experiments into a discussion about the role of the nucleus, ultimately using it as 

damning evidence for the idea that nuclei directed development. "[The nucleus] cannot be 

considered as the cause of the determination of the cells," Raven concluded after 

                                                
32 Paul Weiss Papers, Series: 5 Lectures, Box: 57, Folder: Lecture Book III 1951-1954, "Some 
Experiments and Thoughts on Differentiation," January 28, 1953, Johns Hopkins University, Rockefeller 
Archives Center, Sleepy Hollow, New York. 
33 Paul Weiss, "A Skeleton Program for the Conference on the Cellular Basis of Differentiation," 
Stockholm, September 2-6, 1952 – Rockefeller Foundation Records, RG 200 Series 1.2 Box 199, Folder: 
1872, RAC.  In other work, Weiss expressed approval of embryological experiments that broke down the 
cell into component parts during the process of discovery.  Overall, Weiss believed that developmental 
biologists should use the development of technology, not physics, as a model for future work.  Weiss 
expressed this last sentiment in a lecture at the National Academy of Sciences for a Symposium on "Some 
Problems of Growth and Development," April 29, 1953 – Paul Weiss Papers, RG: 450W436, Series 5, Box 
57, Folder: Lecture Book III, RAC. 
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discussing the impact of nuclear transplantation research.34  Other popular textbooks, 

such as B. I. Balinsky's An Introduction to Embryology, used Briggs' and King's work to 

provide further support for early experimental embryology that showed cell totipotency 

in early stages of development.35 

More than just a topic discussed in contemporary textbooks, nuclear 

transplantation was seen as cutting-edge research.  Robert McKinnell, a graduate student 

at the University of Minnesota from 1953 to 1958 said "you could not pick up any 

textbook or any discussion of what's hot in developmental biology without a discussion 

of Bob Briggs and Tom King. They truly were probably the most notable scientists - I 

won't say they were the best, but they were the most notable scientists in the world during 

a period of three or four or five years."36  In illustration of his point, a symposium on 

"New Approaches in Cell Biology" was held at the Imperial College of Science and 

Technology in England in 1958.  The conference was designed to "provide a survey of 

some fruitful lines of research, for each contribution is valuable not only for the special 

results it discusses but as an example of a method which may be helpful in the solution of 

quite unrelated problems."37  Out of the fourteen papers published, two of the papers 

focused on nuclear transplantation, and they were the first two papers presented at the 

symposium.  J. F. Danielli, a cell biology leader and nuclear transplantation pioneer, 

                                                
34 C. P. Raven, An Outline of Developmental Physiology, trans. L. De Ruiter (Oxford: Pergamon Press, 
1959).  
35 B. I. Balinsky, An Introduction to Embryology (Philadelphia: W. B. Saunders Company, 1960). 
36 Robert McKinnell, interview by author, Minneapolis, MN, May 6, 2011: 13-14. 
37 P. M. B. Walker, ed., New Approaches in Cell Biology: Proceedings of a Symposium Held at Imperial 
College, London, July 1958 (London: Academic Press, 1960): v.  It is of note that none of the unrelated 
problems to which biologists thought nuclear transplantation could be applied included cloning humans.  At 
this point in the late 1950s, no one had yet to link nuclear transplantation to human cloning.  However, by 
the early 1960s people would begin to see cloning as a potentially new application of nuclear 
transplantation.  For a detailed account of this transition, see the following chapter. 
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authored one of the papers; J. A. Moore wrote the other.38 The prominence of nuclear 

transplantation in a symposium dedicated not only to new techniques, but to techniques 

that were supposed to have a variety of applications, illustrates how nuclear 

transplantation answered different questions for different people.  Chapter two argued 

this explicitly, showing how the history of nuclear transplantation exemplified the 

development of an approach within several different fields to answer a question that had 

broad repercussions within each.   

As one final example to provide context for the importance of Briggs and King's 

work, in the early 1960s biologists nominated nuclear transplantation as one of the most 

outstanding recent breakthroughs in biomedical research.  In 1963, the National Institutes 

of Health (NIH) surveyed the members of its study sections – the committees that 

reviewed and recommended grant applications for NIH – for insights into the best recent 

research and for recommendations for the future.39  While work on DNA, particularly 

understanding its relationship to protein structure, dominated the top of the list, "work on 

nuclear differentiation" was also listed, with Briggs' name mentioned specifically.40 

 Along with Briggs, one other name was mentioned in that list as a notable 

contributor to research on nuclear differentiation – John Gurdon.  Gurdon never 

published a paper with Briggs or King, and was never a part of the laboratory at LHRI.  

Rather, Gurdon worked at Oxford University in England and had begun using nuclear 

                                                
38 Danielli's contributions to the development of nuclear transplantation were discussed in chapter two; 
Moore's work will be discussed later in this chapter. 
39 Errett C. Albritton, "Biomedical Research Accomplishments in Recent Years," January 1963, National 
Archives, RG 443 NIH, Division of Research Grants – General Correspondence, Box 18, Folder: 
"Information 5 DRG/Office of Research Accomplishments."  NARA, College Park, MD  
40 Ibid.  Briggs is mentioned specifically on page 16 of the report and falls within the general category of 
"Accomplishments in the area of cell growth and development," listed in appendix II, page 2.  
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transplantation techniques as a graduate student.  While still in school, Gurdon, along 

with his advisor Michaïl Fischberg, published a paper in 1958 that reignited discussions 

about how, if at all, nuclei became restricted during development.  Gurdon would go on 

to become perhaps the most well-known scientist who worked with nuclear 

transplantation techniques; however, his entry into the small community of nuclear 

transplanters raises questions.  How did Gurdon begin to work on nuclear 

transplantation?  Though nuclear transplantation had become lauded for its importance, it 

did not become a general practice in most embryological laboratories.  Within its first 

decade, nuclear transplantation was being practiced within only a few laboratories.  In 

fact, an embryological survey in 1963 listed only sixteen scientists at a handful of 

laboratories around the world who practiced the technique in their research.41  If the 

technique was so important, why were there so few practitioners?  What, if anything, 

restricted its spread, and were there any discernible relationships among the laboratories?  

 

The Rise and Spread of Nuclear Transplantation 

 In the early to mid 1950s, the embryological laboratory at Lankenau Hospital 

Research Institute carried out nearly all of the world's nuclear transplantation 

experiments.  After Briggs and King published their 1952 article, they continued to 

attract funding from outside sources to carry out nuclear transplantation experiments.  

The National Cancer Institute had funded their original work, but only begrudgingly, as 

they had turned down Briggs' application before finally granting him a modest sum in 

                                                
41 Hubrecht Laboratory, Utrecht, Netherlands, General Embryological Information Service 10 (1963): 281. 
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1948.42  After 1952, however, the NCI continuously supported their work for the next 

several years, and both King and Briggs successfully received funding from other 

sources, such as the American Cancer Society.43  Their success can also be seen through 

acclaim that they received from their peers, as previously illustrated.  One important 

marker of success in science, however, is how well an approach has spread.44  In this 

latter sense, nuclear transplantation does not measure up particularly well, since the 

technique became prominently practiced by only a select few.  There are several reasons 

for this, however, and it was not because of a lack of interest. 

 By 1954, scientists had begun to filter through the LHRI laboratories looking to 

learn the new technique.  Marie Di Berardino, who joined Briggs' staff in 1948 as a 

technician and worked in the field for decades, remembered that the laboratory received 

substantial traffic after 1952.  "Some people stayed...a number of days, and really 

learned," Marie Di Berardino remembered. "Others came for a day or two days at most 

and just observed, maybe tried their hand, went back and worked it out."45  Once Briggs 

and King had worked out the general method of nuclear transplantation, the techniques 

                                                
42 As the story goes, Briggs submitted an NCI grant to try to carry out nuclear transplantation experiments 
in the late 1940s, only to be rejected quickly with the note that it was a "hair-brained scheme."  Briggs 
reapplied, but this time the application caught the eye of D. T. Chalkley, the associate director of the 
Research Grants and Fellowship Branch of NCI.  Chalkley made a special trip to review the facilities at 
LHRI before eventually approving the small grant.  Chalkley himself had trained with Herbert Spencer 
Jennings at Johns Hopkins University, and had research interests in nucleo-cytoplasmic interactions.  Marie 
Di Berardino recounts this story, without the details about Chalkley, in M. A. DiBerardino, Genomic 
Potential of Differentiated Cells (New York: Columbia University Press, 1997).   
43 After Briggs left for Indiana University in 1956, King received additional funding from the American 
Cancer Society.  See "ACS Research Grant," (April 24, 1957), Folder: Tom King, A.C.S. #E-71, FCCC 
Archives. 
44 For discussions concerning the spread of specific scientific practice, see sources related to the history of 
genetics and molecular biology, which are often seen as exemplars of the power of specific approaches and 
their spread.  Kohler, Lords of the Fly; Lilly Kay, The Molecular Vision of Life; Soraya de Chadarevian, 
Designs for Life: Molecular Biology After World War II (Cambridge; Cambridge University Press, 2002); 
Garland Allen, Life Sciences in Twentieth Century, (Cambridge: Cambridge University Press, 1978) 
45 Marie Di Berardino, Interview by author, March 2, 2011, Haverford, PA: 26. 
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themselves were not overwhelmingly demanding.  Di Berardino, who helped train several 

scientists, claimed that a practitioner needed only a few key skills. "You needed practice, 

but you also needed somebody with patience and steady hands," she remarked.46  One 

could expect that a well-trained and competent embryologist could carry out the 

procedure with few difficulties. 

Though the tactile skills did not present significant challenges to interested 

scientists, the infrastructure to carry out a nuclear transplantation research plan did.  The 

most effective way to conduct nuclear transplantation experiments required a dedicated 

research area that included freezers, incubators, and micromanipulators, as well as 

substantial space to keep the hundreds of frogs.  Moreover, nuclear transfer research 

worked best when conducted by a team.  A successful nuclear transplantation required 

precise timing with the developmental cycles of the embryo.  In the LHRI laboratory, one 

person would prepare the host by enucleating it while the other researcher would extract 

the desired nuclei.  Each of these processes would take roughly fifteen minutes, with an 

additional fifteen minutes for the actual transfer.  The chance of success decreased 

dramatically if the whole procedure, from the moment the host embryo was activated till 

it received the donor nucleus, did not take place within an hour.47  Thus, nuclear 

transplantation did not particularly appeal to researchers who worked primarily alone. 

Nuclear transplantation was also difficult to carry out in a university setting.  

Beyond requiring a substantial chunk of time on a day-to-day basis to carry out the 

experiments, there was a seasonal aspect to the research.  In October and April, frog 

collectors would catch hundreds of the North American Leopard frogs, Rana pipiens, as 
                                                
46 Marie Di Berardino, Interview by author, March 2, 2011, Haverford, PA: 25. 
47 Marie Di Berardino, Interview by author, March 2, 2011, Haverford, PA.: 6-7. 
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they were mass migrating for the seasons.  LHRI, for instance, would buy several 

hundred frogs each time, keeping them at low temperatures to insure that they stayed in 

hibernation.  Researchers could then induce ovulation when they needed eggs for nuclear 

transplantation.  By June, it would become too difficult to induce ovulation and receive 

viable eggs from the frogs.48  Therefore, in July, August, and September, no nuclear 

transplantation experiments occurred using Rana pipiens.  In many ways, this was 

contrary to the ideal academic situation, in which researchers would prefer to have the 

majority of their work take place during the summer when school was out of session.  For 

LHRI scientists, these "off" months allowed them to write up all the research that they 

had done over the past nine months.  The cyclical nature can be seen in the publication 

timing as well, with most of the articles published by Briggs, King, Di Berardino and 

others coming out in the spring of each year, meaning that the papers were often 

submitted in the previous fall.  

Thus, most scientists who came through LHRI did not go on to extensively 

employ nuclear transplantation techniques. However, there were several who did.  Soon 

after Briggs and King had published their seminal paper, John Alexander Moore, who 

had just completed a stint as chair of the department of zoology at Columbia University, 

visited the laboratory to learn the new technique.  Moore was a prominent zoologist who 

would be elected to the National Academy of Sciences within the decade.  In the 1940s 

and 1950s, Moore worked mainly with frogs, studying hybrids through genetics and 

development.  Ultimately, Moore was interested in speciation, and hoped to use nuclear 

                                                
48 The research surrounding viable eggs derives from Emil Witschi's work in the 1930s.  In chapter 2 I 
discussed how in Briggs' first position as a post-doc at McGill under N.J. Berrill, he had worked on a 
project to confirm Witchi's conclusions, making him intimately familiar with the developmental problems 
that could arise if eggs stayed in the oviducts for too long (becoming "over-ripe"). 
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transplantation techniques to unravel the subtle, but important differences, between sub-

species of Rana pipiens.49  For Moore, nuclear transplantation became another tool that 

allowed him to incorporate his interests in genetics – through a focus on the nucleus – 

with his training in embryology.  In 1955, Moore published a review of hybridization 

work on frogs and toads, specifically discussing the work done by geneticists and 

embryologists.  Moore identified nuclear transplantation as an important topic, writing, 

"As a climax to a series of important studies on the interrelations of chromosomes and 

cytoplasm in the early development of the frog, Briggs and his associates have recently 

developed techniques for transplanting nuclei."50  Moore began to use the technique 

himself within a few years, publishing papers beginning in 1958 that utilized Briggs' 

methods and continuing the trend well into the 1960s.51 

 John Moore's relationship to nuclear transplantation was typical among those who 

adopted the technique after visiting LHRI.  He spent time with Briggs and King learning 

the technique and then proceeded to apply it to his own interests.  As Briggs and King, 

working outside the university setting, did not have any graduate students, visitations – 

either brief sojourns or extended fellowships – was the most productive way that the 

technique spread.  The research associates and postdoctoral fellows that Briggs and King 

employed in the 1950s and 1960s often continued to use nuclear transplantation methods 

                                                
49 Rudolfo Ruibal, et al., "John A. Moore," Copeia 2001 (December 20, 2001): 1155–57. 
50 J. A. Moore, "Abnormal Combinations of Nuclear and Cytoplasmic Systems in Frogs and Toads," 
Advances in Genetics 7 (1955): 139-82. 
51 J.A. Moore, "Transplantation of Nuclei Between Rana pipiens and Rana sylvatica," Experimental Cell 
Research 14 (1958): 532-40; "The Transfer of Haploid Nuclei Between Rana pipiens and Rana sylvatica," 
Experimental Cell Research Supplement, 6 (1958): 179-191; "Serial Back-Transfers of Nuclei in 
Experiments Involving Two Species of Frogs," Developmental Biology 2 (1960): 535-50; "Nuclear 
Transplantation and Problems of Specificity in Developing Embryos," Journal of Cellular and 
Comparative Physiology Supplement S1 60 (October 1962): 19-34. 
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in their own work, creating some of the few laboratories in the United States other than 

LHRI that worked on nuclear transplantation.  Philip Grant worked under Briggs' and 

King's NCI grants as a research associate from 1953 until 1957, when he moved to Johns 

Hopkins University.52  Steve Subtelny joined the LHRI laboratory in 1955 under a United 

States Public Health Service Research Fellowship.53  He would later become a research 

associate, also being funded under several of the grants that Briggs and King were 

awarded.  Subtelny left in 1965 for a position at the University of Iowa.  Both Grant and 

Subtelny would continue to conduct research using nuclear transplantation techniques.  In 

1958, Robert McKinnell joined the laboratory at LHRI in a more direct effort to apply 

nuclear transplantation experiments to cancer research.  In some of the early foundational 

research, McKinnell transferred nuclei from cancer cells into normal enucleated 

embryos.54  Much to the group's surprise, some of the successful nuclear transplants 

developed normally, with no indication of their cancerous parentage.55  McKinnell would 

leave for a position at Tulane University in 1961, but he spent the majority of his career 

at the University of Minnesota where he used nuclear transplantation continually in his 

research. 

 In the late 1950s and early 1960s, nuclear transplantation research began to be 

practiced in other countries.  J.F. Danielli, who had developed the technique in the late 
                                                
52 See LHRI and the Institute for Cancer Research's Scientific Reports, 1948 through 1957 list of 
employees. 
53 The Institute for Cancer Research and The Lankenau Hospital Research Institute, Seventh Scientific 
Report 1954-1955, list of employees. 
54 King and McKinnell realized that nuclear transplantation would be an excellent technique to determine 
whether cancer developed from a mutation in the genome or from an epigenetic cause from outside the cell.  
Of course, it was found to be a more complicated problem then that and McKinnell continued along these 
lines of research for the next several decades. 
55 Thomas King and Robert McKinnell, "An Attempt to Determine the Developmental Potentialities of the 
Cancer Cell Nucleus by Means of Transplantation," in Cell Physiology of Neoplasia (Austin: University of 
Texas Press, 1960): 519-617. 
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1940s concurrently with Briggs and King, had continued to intermittently conduct 

nuclear transplantation research in the 1950s; however, it always focused on single-celled 

organisms and never used the methods developed by Briggs and King for metazoans.  

However, articles using Briggs' and King's methods surfaced in Japanese, French, and 

British journals in the late 1950s.  On the whole, each of the scientists and laboratories 

could be traced back to a direct connection to Briggs and King.  Hajime Sambuichi at 

Hiroshima University, for instance, published work in 1957 on frog hybrids using nuclear 

transplantation methods.56 Interested in nuclear and cytoplasmic roles in development, 

Sambuichi had visited LHRI to learn the technique in the mid-1950s.  He brought his 

skills back to Hiroshima and taught them to several other scientists in his laboratory.  

Sambuichi, along with collaborators T. Kawamura and M. Nishioka, used the technique 

over the proceeding decades in studies of local species of frogs, reinforcing the plasticity 

of the technique for use with other organisms and for a variety of biological problems.57   

Similarly, Jacques Signoret set up a research program in France after 

collaborating with Briggs at Indiana University in the early 1960s.58  Briggs had left 

LHRI after an institutional upheaval began in 1955 in which the President of the Board of 

                                                
56 H. Sambuichi, "The Roles of the Nucleus and the Cytoplasm in Development. 1. An Intersubspecific 
Hybrid Frog, Developed from a Combination of Rana nigromaculata nigromaculata Cytoplasm and a 
Diploid Nucleus of Rana nisromaculata breuipoda," Journal of Science of the Hiroshima University. 
Series B, Division 1, Zoology 17 (1957): 33-41. 
57 For example, see T. Kawamura and M. Nishioka, "Reproductive Capacity of an Amphidiploid Male 
Produced by Nuclear Transplantation in Amphibians," Journal of Science of Hiroshima University 21 
(1963): 1-13.  According to an oral history with Marie Di Berardino, Kawamura sent Sambuichi, his 
graduate student, to LHRI to learn the technique.  Sambuichi used the technique first to publish results, but 
his mentor soon followed.  Nishioka, also Kawamura's graduate student, would go on to continue nuclear 
transplantation research in the 1970s, creating a long tradition of Japanese nuclear transplantation research.  
See Marie Di Berardino, Interview by author, March 2, 2011, Haverford, PA: 25.  
58 In 1956, Briggs left LHRI due to institutional squabbles. Though he began a new job as a professor at 
Indiana University, Briggs continued to work with King, coauthoring several more papers with him and 
other LHRI scientists.    
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Trustees, Philip Sharples, tried to force dramatic priority shifts at the institute.59  Soon 

after, Briggs took a position at Indiana University and convinced Rufus Humphrey to join 

him.  Before moving to Indiana University, Humphrey had been at the University of 

Buffalo, where he had established a thriving colony of axolotl for research.  Humphrey's 

axolotl colony contained valuable mutations that Briggs realized could be very useful in 

his research, which was why he pushed for a position for Humphrey at Indiana as well.  

Once there, Briggs continued to work with King on several projects, while also beginning 

his own nuclear transplantation research using axolotl.  Signoret visited Briggs' and 

Humphrey's laboratory, learning the nuclear transplantation techniques and later 

establishing his own research laboratory in Caen, France using axolotls.60 

 The year before Briggs left for Indiana, however, he and King hosted a young 

biologist named Bernadette McLaughlin.61  In September of 1956, when Briggs began the 

next phase of his career at Indiana University, McLaughlin returned to Michaïl 

Fischberg's laboratory at Oxford.  Fischberg had brought in several new PhD students 

that year, one of whom was John Gurdon.  Two years later in 1958, Fischberg, Gurdon, 

and a resident postdoctoral fellow named Tom Elsdale published two papers in Nature 

detailing their nuclear transplantation work on the African clawed frog, Xenopus laevis.  

These papers would mark the beginning of Gurdon's long career, one that would begin 
                                                
59 Sharples wanted to reorient LHRI to focus more on cancer treatment, particularly chemotherapy.  Many 
of the leading scientists at LHRI revolted from this change in direction, which would have deemphasized 
the basic research activities of the institute.  Briggs was one of the leaders of this pushback and during the 
upheaval took the opportunity at Indiana University. 
60 Interview with Marie Di Berardino, March 2, 2011, Haverford, PA: 26.  See also, M. A DiBerardino, 
Genomic Potential of Differentiated Cells (New York: Columbia University Press, 1997): 49; J.R. 
Signoret, R. Briggs, and R.R. Humphrey, "Nuclear Transplantation in the Axolotl," Developmental Biology 
4 (1962): 134-64. 
61 Bernadette McLaughlin worked at LHRI from September 1955 to September 1956.  See the employee 
list for the seventh and eighth scientific reports from the Institute for Cancer Research and the Lankenau 
Hospital Research Institute. 
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with a challenge to the Briggs and King and would continue for over fifty years.  After 

his advisor left for a position back in his home country of Switzerland in 1961, Gurdon 

established a prosperous research program in nuclear transplantation at Oxford University 

and then later at Cambridge University in the 1970s.   

Though still a small community by most standards, more and more international 

nuclear transplantation laboratories became established in the early 1960s.  The General 

Embryological Information Service (GEIS), which was a clearinghouse journal published 

biannually by the Hubrecht Laboratory in Utrecht, Netherlands, provides some 

perspective on the growing proliferation of nuclear transplantation in the 1960s.  The 

GEIS collected nearly all of the published embryological papers from year to year and 

slotted the work according to subjects.  Before 1961, the work of Briggs and King was 

categorized within the larger group of "Experimental Developmental Morphology."62 In 

1961, "nuclear transplantation" was given its own category under the division of 

"Development and Genetics," speaking to the recognition that the method began to 

receive at that point.  During the first decade of its development, nuclear transplantation 

was practiced by so few, mostly those at LHRI, that it did not necessitate an individual 

category.  By 1960, however, the use of the technique had proliferated enough through 

postdocs, visiting scientists, and subsequent graduate students, that GEIS consolidated 

the work into a specific group. 

                                                
62 See General Embryological Information Service 1955, Sixth Issue (Hubrecht Laboratory, Utrecht, 
Netherlands) 
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During the first year in which nuclear transplantation was an independent 

category, the GEIS recorded ten distinct scientists and their perspective papers.63  Some 

of the names, such as Briggs, King, Di Berardino, McKinnell, Subtelny, and Moore, are 

familiar.  The GEIS also listed four other names, two from the Institute of Animal 

Morphology of the Academy of Sciences of the U.S.S.R. in Moscow and two from a 

laboratory in Prague.64  No connection has been found linking these two Eastern 

European laboratories to any other established lab. 

In 1963, the list of researchers who conducted nuclear transplantation in the 

intervening years rose to sixteen.65  Besides the ten who were listed previously, several 

new ones appeared.  Some of the newly listed scientists were not surprising.  Fischberg's 

name appears, along with his former graduate student, John Gurdon.  Some of the other 

scientists listed can be directly connected to other laboratories and other noted nuclear 

transplanters.  A.W.C. Blacker, for instance, was identified as a part of the Zoological 

Station at the University of Geneva in Switzerland.  A year earlier, Fischberg had moved 

from Oxford to the University of Geneva, bringing with him a thriving Xenopus colony 

and nuclear transplantation research.  It seems as though Blackler followed Fischberg as 

well, as Fischberg had been referring to Blackler as a "collaborator" since 1960.66  G.V. 

                                                
63 General Embryological Information Service 1961, Ninth Issue (Hubrecht Laboratory, Utrecht, 
Netherlands): 239 
64 For the Russian laboratory, two women were listed as authors of a paper: L.A. Nikitina and O.G. 
Stroeva, "Nuclear Transplantation from the Gastrula Ectoderm, Neural Plate, Eye Rudiment and Early 
Endoderm. Rana arvalis (Anura)." (no other citation information listed).  G.V. Loposhov, who would be 
cited the following year, was listed as Professor, while Nikitina and Stroeva held no other titles other than 
their marital status indicators.  The Czechoslovakian researchers were F. Sládecek, listed as director for the 
laboratory, and his assistant Miss Z. Stefanová. 
65 General Embryological Information Service 1963, Tenth Issue (Hubrecht Laboratory, Utrecht, 
Netherlands): 281 
66 Michail Fischberg, "Will Nuclear Transplantation Lead to a Genetics of Somatic Cells," in Symposium 
on the Germ Cells and Earliest Stages of Development, Pallanza: September 14-20, 1960, Institut 
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Lopashov was also newly identified, and he was associated with the same Russian 

laboratory as the two previous researchers.   

There were also new researchers connected to different laboratories.  Neither G. 

Butschak at the Institute für Experimental Krebsforschung nor F. D. Barbieri at the 

Instituto de Biología General y Embriología Experimental of the National University of 

Tucuman seem to have had previous connections to Briggs, King, or one of the other 

early laboratories.  GEIS recorded that another French scientist, Louis Gallien, from the 

University of Paris also had begun to conduct nuclear transplantation work by 1963.  The 

relationship between Gallien and his fellow countryman, Signoret (who, as previously 

discussed, did learn nuclear transplantation directly from Briggs) is unclear.  Gallien, 

however, would go on to contribute important results using nuclear transplantation 

techniques and was primarily responsible for Briggs and King being awarded the 

Charles-Leopold Mayer prize from the French Academy of Sciences in 1973 for their 

experimental work.67 

The spread of nuclear transplantation into different laboratories allowed the 

technique to be applied to both new organisms and to novel problems.  By the middle of 

the 1960s, biologists using nuclear transplantation methods could be found in laboratories 

in the United States, England, France, China, Japan, Russia, and Argentina.  The 

technique had been used on several different species of frogs and toads, as well as other 

amphibians such as salamanders (axolotl). The technique had even expanded into an 

entirely different class of animals.  The Chinese, for instance, developed nuclear 

                                                                                                                                            
Internationale d' Embriologie, Embryology Division of the I.U.B.S. (Milan, Italy: Fondazione a Baselli, 
1961): 479. 
67 Marie Di Berardino, Genomic Potential of Differentiated Cells, 36. 
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transplantation techniques for fish breeding purposes.68  They specifically wanted to use 

the methods to develop fish hybrids that would mature quickly and come to market 

sooner.69   In the 1970s, the technique would be applied to insects.70  In most cases, 

nuclear transplantation spread through a direct connection with one of the original 

members of the LHRI team.  It is clear from pertinent method sections of their 

publications that the majority of researchers originated from relevant laboratories or had 

taken the time to travel to them to gain hands-on experience with the technique.  The 

spread of nuclear transplantation in the early 1960s to laboratories without a direct 

connection to Briggs or King speaks to the high profile that nuclear transplantation had 

received by that time.  For some researchers, nuclear transplantation techniques held 

enough potential to be worth working through the difficulties that could arise without 

learning it by observation and apprenticeship with an experience researcher.71 

Briggs and King had become quite convinced of their results by the time that 

nuclear transplantation began to spread to other laboratories.  They believed that their 

data clearly demonstrated, through both the general trends and specific instances, that 

nuclei differentiated in some way over the course of development.  As shown previously, 

most biologists believed them, integrating Briggs' and King's interpretations into the 

standard understanding of development.  At the end of the 1950s, however, the spread of 

                                                
68 The earliest of these studies were carried out by T.C. Tung.  See T.C. Tung, et al., "Nuclear 
Transplantation in Fishes," Scientia (Peking) 14 (1963): 1244-45. 
69 See Marie Di Berardino, Genomic Potential, 167; also Marie Di Berardino, Interview by author, March 
2, 2011, Haverford, PA. 
70 For the first to use nuclear transfer in insects, see E.J. Du Praw, "The honeybee Embryo," in F.H. Wilt, 
N.K. Wessells, eds, Methods in Developmental Biology, (New York: Crowell, 1967): 183-217.  Attempts at 
nuclear transplantation in mammals, however, consistently encountered problems for researchers who were 
unable to successfully transplant nuclei in mammals until the early 1980s.   
71 Marie Di Berardino, Interview by author, March 2, 2011, Haverford, PA. 
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the technique to new laboratories had spawned the creation of an opposing analysis.  

Gurdon, the young graduate student of Fischberg at Oxford, used Xenopus to repeat much 

of Briggs' and King's research, but came to a decidedly different conclusion.  One might 

assume that Gurdon had produced drastically different data, considering the significant 

departure in conclusions.  However, Gurdon's results were almost identical to Briggs' and 

King's work.  What did Gurdon see that made him come to such a different conclusion? 

 

Conflict and Controversy in the Interpretation of Nuclear Transplantation 

John Gurdon was born in October of 1933 and attended Eton College before 

enrolling at Christ Church College in Oxford.  Though Gurdon became an internationally 

recognized scientist, his early trajectory would have said otherwise.  To this day, Gurdon 

famously keeps a letter from an early teacher who questioned Gurdon's ability to become 

a biologist.72  Gurdon was swayed enough by this opinion that he shelved his biological 

interests to pursue a classics degree at Oxford, but due to a shortage of science majors at 

the University, Gurdon was admitted to Oxford only on the condition that he study 

zoology.  During his undergraduate training, Gurdon concentrated mostly on entomology, 

becoming interested in the color patterns of Lepidoptera by the end of his course of study.  

At first Gurdon attempted to do graduate work in entomology at Oxford, but he was 

rejected.  Luckily, one of the professors with whom he had taken coursework, Michaïl 

                                                
72 James Smith, "Not a total Waste of Time: An Interview with John Gurdon," Int. J. Dev. Biol. 44 (2000): 
93-99. 
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Fischberg, offered Gurdon a spot in his laboratory to work on developmental biology 

topics.  Beginning in 1956, Gurdon began his career working in Fischberg's laboratory.73 

As was fairly typical of graduate work during that time, Fischberg handed Gurdon 

a large list of about fifteen topics to choose from for his dissertation work.74  At first, 

Gurdon began to work on what he believed to be a rather boring project, one that created 

hybrids out of closely related species.  The idea was to study the embryos of these 

hybrids, noting whether certain characteristics displayed greater paternal or maternal 

traits.  Ideally, this morphological study of hybrids would give clues to the importance of 

the cytoplasm or nucleus during development and was a line of study that had been 

carried out since Boveri in the late nineteenth century.75  Gurdon found this work to be 

rather boring, he said, since it relied more on observation than analysis, and he soon 

looked for a different project.  A few months into his graduate studies, Fischberg offered 

Gurdon an alternative, pointing to a recent paper by Briggs and King that used nuclear 

transplantation.  Fischberg asked if Gurdon would be interested in conducting similar 

experiments, but using Xenopus lavis instead of Rana pipiens.  Gurdon quickly decided 

that it was a worthwhile project and began work on adapting the technique to Xenopus.76 

                                                
73 For more biographical data, see Smith, "Not a total Waste of Time: An Interview with John Gurdon," 
Int. J. Dev. Biol. 44 (2000): 93-99; "Sir John Gurdon: Godfather of Cloning," Journal of Cell Biology 181 
(2008): 178-179. 
74 John Gurdon, interview by author, Cambridge, England. February 18, 2011: 2. 
75 Manfred Laubichler and Eric Davidson specifically argue the intellectual connection between T. Boveri's 
morogeny experiments in the late 1800s and Gurdon's original research under Fischberg.  See Manfred D. 
Laubichler and Eric H. Davidson, "Boveri's Long Experiment: Sea Urchin Merogones and the 
Establishment of the Role of Nuclear Chromosomes in Development," Developmental Biology 314, no. 1 
(2008): 1-11.  
76 John Gurdon, interview by author, Cambridge, England. February 18, 2011: 2. 
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Choice in experimental organisms often relies on larger historical narratives.77  

Rana pipiens dominated the nuclear transplantation work in North America for very 

different reasons than the use of Xenopus by Gurdon's group.  Following in the tradition 

of most embryological work, Rana pipiens was used widely in the Americas because it 

was an easily accessible and plentiful organism.78  The common name for Rana pipiens is 

the North American leopard frog, and it can be widely found throughout the continental 

United States.  Embryologists could continually get supplies of these frogs for their 

research even if the frogs did not have the most ideal properties.  Consequently, Rana 

pipiens quickly gained a following in the early part of the twentieth century in America.  

Research using Rana reproduced itself easily as it was passed down from one generation 

of scientists to the next.  Briggs, for instance, began working with Rana pipiens in 

graduate school at Harvard and continued to use Rana as his experimental system in his 

postdoctoral work at McGill.  By the time he arrived at LHRI in 1942, Briggs was both 

knowledgeable about and comfortable with Rana pipiens and continued to use it in much 

of his work.79 

                                                
77 Several historians have focused on the development of model organisms.  See Karen Rader, Making 
Mice: Standardizing Animals for American Biomedical Research, 1900-1955 (Princeton: Princeton 
University Press, 2004); Angela Creager, The Life of a Virus: Tobacco Mosaic Virus as an Experimental 
Model, 1930-1965 (Chicago: University of Chicago Press, 2001); Kohler, Lords of the Fly.  John Gurdon 
and Nick Hopwood have published a small article on the development of Xenopus: "The Introduction of 
Xenopus laevis into Developmental Biology: Of Empire, Pregnancy Testing and Ribosomal Genes," 
International Journal of Developmental Biology 44 (2000): 43-50.  To my knowledge, no one has made an 
extensive study on the history of Rana pipiens as an experimental organism. 
78 Jane Maienschein points out that frogs had been used in embryological research since at least the early 
nineteenth century and became particularly popular after the work of German embryologist Eduard Pflüger.  
See "The Origins of Entwicklungsmechanik" in A Conceptual History of Modern Embryology, ed. Scott F. 
Gilbert (New York: Plenum Press, 1991). 
79 Briggs did use other organisms during the first decade of his tenure at LHRI.  Most of this work occurred 
during the first few years, when he and Jack Schultz spent summers at the Institute's Marine Biological 
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Xenopus, however, was not an indigenous animal to England.  Its common name 

is the South African clawed frog, and it was originally described by French naturalists in 

South America in the beginning of the nineteenth century.  Xenopus remained largely 

unknown until the turn of the twentieth century when several British biologists were 

successfully able to induce embryonic development in the laboratory.80  Even then, 

however, Xenopus was rarely imported to England for biological work and was more 

popular as an exotic addition to an aquarium.81 

In 1927, Hogben had been lured away from a position at McGill to take a 

lucrative professorship at the University of Cape Town in South Africa.  While there, 

Hogben began to use local fauna, including Xenopus, in his endocrinology research.82 In 

1930, Hogben moved back to England to accept a job as the new chair of social biology 

at the London School of Economics.  He brought with him his Xenopus studies and 

continued to import the frog for further work.  By that point, Hogben's endocrinology 

work had shown that Xenopus had the potential for use as a vehicle for pregnancy tests.  

Over the ensuing decade, Hogben and several other interested parties worked out the 

details for a quick and easy pregnancy test.  By 1940, one needed only to inject Xenopus 

with urine from the potential pregnant woman.  If the woman was pregnant, her 

hormones would make the frog lay eggs within eight to twelve hours, which made the test 

                                                                                                                                            
Laboratory in North Truro, MA.  While there they took advantage of the abundant marine life; which is not 
that different from the reason that they relied on Rana when they were doing work inland. 
80 John Gurdon and Nick Hopwood, "The Introduction of Xenopus laevis into Developmental Biology," 43-
50. 
81 Gurdon and Hopwood, "The Introduction of Xenopus" 45. 
82 Gurdon and Hopwood, "The Introduction of Xenopus" 45. 
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one of the quickest and most effective methods of pregnancy testing to date.83  Though 

other amphibian species could generate similar results, they did not produce them nearly 

as quickly, and the researchers were hamstrung at certain times of year because of the 

seasonality of these other species.  During the process of the test discovery, researchers 

had figured out the best husbandry practices for Xenopus, finding that they could rear the 

frog all year long in controlled environments without any of the captivity effects that 

other species displayed in constant laboratory environments.  Rana, for instance, could 

not be reared in captivity, had to be harvested fresh, and could be retained only for a few 

months by keeping them at low temperatures in order to keep them in hibernation.  

Moreover, after a certain time period in captivity, Rana's physiology changed enough 

that it became ineffective in laboratory work.  Xenopus, however, did not share these 

problems and provided an excellent, year-round, amphibian species for pregnancy 

testing. 

The success of the pregnancy test and the perceived benefits as research organism 

made Xenopus a regular laboratory animal in England.  By the late 1940s, Xenopus could 

be found in several national laboratories.  Xenopus remained the most widely used for 

pregnancy tests, and in Edinburgh the prominent biologist C. H. Waddington had taken 

over the large pregnancy diagnosis center and had begun to carry out additional 

biochemical research on the animal.   Joining Waddington's laboratory in 1948 was 

Michaïl Fischberg, who had just finished a PhD in Zurich under the well-known Ernst 

                                                
83 Gurdon and Hopwood, "The Introduction of Xenopus" 46. 
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Hadorn.84  Fischberg stayed for three years before moving to Oxford University, where 

he established a Xenopus colony for research.  Consequently, in 1956 when his newest 

graduate student, John Gurdon, was looking for a dissertation topic, Fischberg guided 

him to work on the animal that he himself was most familiar.  From then on, nuclear 

transplantation research in England was as strongly connected to Xenopus as the United 

States research was connected to Rana pipiens. 

 Three papers published in 1958 by Fischberg, Gurdon, and the resident fellow, 

Thomas Elsdale, introduced the nuclear transplantation community to Xenopus.  In 

February, Fischberg, Gurdon and Elsdale published a one-page paper in Nature outlining 

the basic results of the groups' successes in applying nuclear transplantation to Xenopus 

laevis.85  It was indeed a successful experiment, considering the hurdles overcome in 

adapting the technique to Xenopus.  Though also a species of frog, Xenopus and Rana had 

very different egg qualities that mandated the modification of Briggs' and King's original 

technique.  In particular, Xenopus eggs possess a thick, elastic jelly coat that greatly 

inhibited the micropipetting techniques used by Briggs and King.86  Gurdon remembers 

that he made this discovery "only two months after I started my PhD, and it was almost 

disastrous…[you would] take a micropipette and push it through the egg…and it comes 

out still covered in jelly so it hadn't gotten into the egg at all."87  Of course, this posed a 

                                                
84 H. Gloor and J. Gurdon, "Michail Fischberg, 2.6.1918-26.6.1988" Revue Suisse de Zoologie 96 (1989): 
231-38. 
85 M. Fischberg, J.B. Gurdon, and T.R. Elsdale, "Nuclear Transplantation in Xenopus laevis," Nature 181 
(February 8, 1958): 424.  
86 Briggs and King merely used a needle to peel off the jelly coating of Rana pipiens, a technique derived 
from Briggs' previous classmate at Harvard, Keith Porter.  See Keith Porter, "Androgenetic Development 
of the Egg of Rana pipiens," Biological Bulletin 77 (1939): 233-57. 
87 John Gurdon, interview by author, Cambridge, England. February 18, 2011:3. 
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significant problem for Gurdon since he could not properly enucleate the egg, nor could 

he place a new nucleus in the embryo. 

As historian of science Robert Kohler as shown, the natural history of an 

organism plays a significant role both in how it is integrated into laboratories and how it 

affects experiments.88  For Rana, both its seasonality and its inability to be bred in 

captivity contributed to the way in which it was used in the laboratory.  Rather than 

having ongoing experiments all year, researchers using Rana had to carry out most of 

their experiments in conjunction with the frog's biannual migrations, which possibly 

contributed to its lack of widespread adoption.  For Xenopus, seasonality and breeding 

were not issues, but the natural history of the species contributed to new experimental 

problems with the physical properties of its embryos.  Moreover, Xenopus had become 

much more technologically modified by the late-1950s then Rana.  Where as Rana was 

still collected from the wild on a regular basis, Xenopus was bred in captivity, meaning 

that it could begin to take on the constructed nature of other inbred laboratory organisms.  

It also had already been used as a sophisticated technological apparatus when applied to 

pregnancy testing.  By the time that Gurdon had begun to use Xenopus, it had already 

been integrated into the laboratory and manipulated for specific qualities.  The facts 

produced using Rana, on the other hand, were more related to the inherent natural history 

of the organism that zoologists had uncovered.89 

 The solution to the problem of the seemingly impenetrable Xenopus embryos was 

found completely by luck, not by any strategic and well-developed plan.  Ignoring the 

                                                
88 Kohler, Lords of the Fly, introduction. 
89 For a detailed discussion of these points, see Kohler, Lords of the Fly, introduction. 
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problem that the jelly coat would cause for injecting any other living nuclei, Fischberg 

suggested using an ultraviolet light to inactivate the egg's nucleus, a method that had been 

shown to work in other experiments.90  Gurdon recalls that Fischberg had recently bought 

a new microscope that contained an ultraviolet light source.91  Its original use was to see 

fluorescent molecules, which were used as markers in various types of experiments.  The 

ultraviolet light had an extra low-frequency setting of 2,100 Å, which easily inactivated 

the nuclei due to the strength of its beam.  However, the low frequency setting created the 

unexpected benefit of dissolving the jelly coating of the egg, without damaging the egg 

itself, allowing micropipettes to easily access the egg.  The lab quickly converted the 

microscope into a regular nuclear transplantation device, removing the extraneous pieces 

from the lamp so that it could be more efficiently used with a micromanipulator.  It was, 

as Gurdon later described it, "an extraordinary piece of luck."92 

 Gurdon could now begin to conduct nuclear transplantation experiments using 

Xenopus, yet he realized that the validity of his work could be easily questioned.  Briggs 

and King had physically removed their nuclei, so it seemed certain that the onset of 

normal development stemmed from the activity of the transferred nucleus.  Gurdon and 

Fischberg, however, had only irradiated the small nucleus of the Xenopus egg, and critics 

could easily argue that it was the egg's nucleus that had initiated development; perhaps it 

                                                
90 Pointing the ultraviolet light directly at the nucleus breaks down the chromosomes enough to inactivate 
the nucleus without damaging the rest of the cell.  See T.R. Elsdale, J.B. Gurdon, and M. Fischberg, "A 
Description of the Technique for Nuclear Transplantation in Xenopus laevis," Journal of Embryology and 
Experimental Morphology 8 (December 1960): 437-44.  
91 John Gurdon, interview by author, Cambridge, England. February 18, 2011: 3.  The microscope used 
was a 100-W medium-pressure mercury arc lamp made by Hanovia Ltd., Slough, England. This source 
gave an appreciable emission at all wavelengths from 2,100 Å to 3,200 Å, as well as visible light.  See T.R. 
Elsdale, J.B. Gurdon, and M. Fischberg, "A Description of the Technique for Nuclear Transplantation in 
Xenopus laevis," 437-440. 
92 John Gurdon, interview by author, Cambridge, England. February 18, 2011: 3. 
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was not fully inactivated by the UV light.  As Briggs and King had done immediately 

after their 1952 paper, Gurdon, Fischberg, and Elsdale explored the boundaries of nuclear 

transplantation, particularly focusing at peculiarities of the technique when applied to 

Xenopus. To get around the potential problem of the irradiated nuclei, Fischberg, Gurdon, 

and Elsdale relied on another serendipitous occurrence. 

 To counter criticisms that the assumed inactivated nucleus was still active, 

Gurdon needed to find a mechanism by which to show that the native nuclei had no 

effect.  Just before Fischberg had taken Gurdon as his student, another student of his, 

Sheila Smith, had come across a rather unusual Xenopus mutation.  Smith had been 

assigned a project focused on chromosome number in Xenopus.  Using a microscope, 

Smith would look for a small cell part called a nucleolus that indicated the total number 

of sets of chromosomes in the cells.  A normal frog would possess two nucleoli because it 

contained the normal allotment of two sets of chromosomes (referred to as a diploid).  

One day Smith came across a cell that had only one nucleolus, normally indicating that 

the cell had only one set of chromosomes.  However, Smith realized that the frog from 

which the cell had come was perfectly normal, which meant that it would have been 

incapable of having only half the normal number of chromosomes.  She took the problem 

to Fischberg, who did not dismiss her observations as a fluke or ask her to redo the 

experiment using new frogs.  Instead, Fischberg examined the cell in question and asked 

Smith to locate the exact frog from which she took the sample.  Smith was able to find 
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the frog and they confirmed that the animal did indeed contain a mutation that made its 

nuclei uniquely visible under the microscope.93 

 For Gurdon, Smith's nuclear marker provided just the indicator that they needed 

for confirmation of their work.  First, Gurdon, Fischberg, and Elsdale would irradiate a 

normal Xenopus egg, destroying the capacity of the nucleus and making the heavily 

elastic membrane accessible to micro-surgical tools.  They would then extract a nucleus 

from Smith's mutant, transplanting it into the awaiting egg.  If the resulting embryo 

developed normally and they wanted to confirm that it was due to the transplanted 

nucleus rather than the inactivated one of the egg, they merely had to verify that the cells 

had only one nucleolus.  Had the original egg nucleus been responsible, then two nucleoli 

would have been visible.94 

 The one-page announcement by Fischberg, Gurdon, and Elsdale that appeared in 

Nature in February of 1958 made an extraordinary claim, in the view of Briggs' group.  

Fischberg and his two young collaborators wrote that they had obtained normal tadpoles 

from nuclei taken from the late gastrula stage.  Briggs, King, and their various 

collaborators, on the other hand, had obtained virtually no normal tadpoles when they had 

transplanted nuclei from such a late developmental stage. 

 Several months later in July, Gurdon published another small article in Nature 

with the help of Elsdale and Fischberg.95  A more detailed paper than the February 

article, Gurdon noted that Briggs' and King's trends – that the number of successful 
                                                
93 John Gurdon, interview by author, Cambridge, England. February 18, 2011: 6-8. 
94 The way in which Xenopus was bred and its mutants exploited provides more confirmation in regards to 
Xenopus being a constructed experimental technology, similar to Drosophila or mice.  See Kohler, Lords 
of the Fly, introduction. 
95 J. Gurdon, T. Elsdale, and M. Fischberg, "Sexually Mature Individuals of Xenopus laevis from the 
Transplantation of Single Somatic Nuclei," Nature 182 (July 5, 1958): 64-65. 
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nuclear transplantations decreased as older nuclei were used – still held in regards to 

Xenopus.  However, Gurdon claimed that normal development could be obtained from 

nuclei taken from a pre-hatching tadpole, a more advanced stage than Briggs and King 

had found normal development.  Significant results, to be sure.  However, some of 

Gurdon's data did raise questions about their validity.  All told, Gurdon, Fischberg, and 

Elsdale reported over 2,500 nuclear transplantations in the two-page article.  They had 

made 357 nuclear transplantations using pre-hatching tadpole nuclei alone, nearly three 

times as many nuclear transfers that Briggs and King had done in their latest papers on 

the subject.96  Pre-hatching nuclei were significantly advanced beyond the neural stage 

nuclei in which Briggs and King had found normal development, and Gurdon's group 

claimed to have had a successfully transplanted nuclei that seemed to be growing 

normally until it was accidentally killed before it completed development.97  Gurdon also 

transplanted 287 nuclei from the tailbud stage and obtained only one frog that developed 

into adulthood.  In total, Gurdon, Elsdale, and Fischberg reported five successful 

transplantations (out of 807 attempts) from stages later than those with which Briggs and 

King had been successful.  From these results, Gurdon concluded that "normal 

development of transferred eggs may mean either that the nuclei were undifferentiated 

and totipotent, or that they were differentiated, but were able to return to a totipotent state 

as a result of developing again in the cytoplasm of an uncleaved egg."98  In other words, 

Gurdon indicated that their work supported a hypothesis that nuclei were not permanently 

                                                
96 J. Gurdon, T. Elsdale, and M. Fischberg, "Sexually Mature Individuals of Xenopus laevis from the 
Transplantation of Single Somatic Nuclei," 64. 
97 J. Gurdon, T. Elsdale, and M. Fischberg, "Sexually Mature Individuals of Xenopus laevis from the 
Transplantation of Single Somatic Nuclei," 64. 
98 J. Gurdon, T. Elsdale, and M. Fischberg, "Sexually Mature Individuals of Xenopus laevis from the 
Transplantation of Single Somatic Nuclei," 65. 
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restricted during development.  It is slightly ambiguous as to whether Gurdon stated this 

as a broad claim, or merely as a specific point about the cells of Xenopus. 

 In Briggs and King's experimental group, Gurdon's results were not well-

received.99  For King and his colleagues still at LHRI, Gurdon's conclusions seemed 

extremely ill-advised.  Since 1952, the original group of nuclear transplanters had 

produced results that seemed to clearly point to a pattern of restricted nuclei during 

development.  The thousands of nuclei that they had transplanted showed a significant 

decline in the propensity to initiate normal development.  From the first few stages, a 

high percentage of nuclei could easily initiate normally developing embryos.  As they 

used nuclei from more specialized cells, the percentage of success dropped dramatically 

to a point where none of the nuclei from tailbud stages could sustain normal 

development.  To the original LHRI group, to make such a radical claim based on the 

single success of one normally developing embryo seemed imprudent, to say the least. 

Briggs and King soon submitted an article that reinforced their conclusions and 

included a lengthy reply at the end of the paper.100  Published in the second volume of the 

new journal Developmental Biology, Briggs and King chose to repeat their experiment 

using the same type of cells from the endoderm line that Gurdon used to extrapolate his 

                                                
99 Marie Di Berardino, interview by author, Haverford, PA, March 2, 2011: 36-42.  Also, by this time 
Briggs had left for Indiana University and King was head of the LHRI laboratory.  Marie Di Berardino, 
Philip Grant, and Steve Subtelny were still there.  Robert McKinnell would join the laboratory in the fall of 
1958. Of course, Briggs still collaborated with King and other at LHRI, publishing several joint papers with 
them in the late 1950s and early 1960s. 
100 Robert Briggs and Thomas King, "Nuclear Transplantation Studies on the early Gastrula I. Nuclei of 
Presumptive Endoderm," 252-70.  It may seem as though this article came out significantly after Gurdon's 
work; however, in Gurdon's experiments the laboratory reared all of its frogs through metamorphosis, a 
practice that Briggs and King did not generally go through.  This is one problem to which Briggs and King 
seemed to have responded, making sure that in their next paper that they did indeed rear as many frogs to 
adulthood as possible.  An additional difference between Rana and Xenopus is that Xenopus matures much 
more quickly than Rana, and it would have taken Briggs and King several more months of experimenting 
before their frogs had reached maturity before they could write up and submit their article. 
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findings.  In their paper, Briggs and King set out to find more information concerning the 

exact timing of when nuclei became restricted, focusing on the gastrulae stage since that 

was when they had begun to see a significant drop-off in nuclear transplantation 

effectiveness.  In other words, the basic premise, and the underlying theory of the paper, 

was in complete contrast to the Gurdon's work.   

At the end of the paper, after again verifying their previous conclusions, Briggs 

and King specifically addressed Fischberg's and Gurdon's work.  Briggs and King first 

pointed out that nuclear transplantation in Xenopus produced similar trends that 

reinforced the restricted nuclei hypothesis.  "In other words, there is evidence from both 

sets of experiments for nuclear differentiation of some sort during development," Briggs 

and King wrote.101  Briggs and King then proceeded to address the differences in the two 

sets of data.  Specifically, they addressed the significant differences in the number of 

successful nuclear transplantations from early embryos, where Rana showed a significant 

advantage, and from late embryos, where Xenopus appeared to produce more normal 

development.  To explain the difference, Briggs and King noted the number of "bad 

quality" eggs that Gurdon and Fischberg admitted were frequent in Xenopus, and 

assumed that with careful controls and sorting that the numbers of normally developing 

eggs from early and late stage nuclei would look similar to Rana.102   

                                                
101 Robert Briggs and Thomas King, "Nuclear Transplantation Studies on the early Gastrula I. Nuclei of 
Presumptive Endoderm," 266. 
102 M. Fischberg, J.B. Gurdon, and T.R. Elsdale, "Nuclear Transplantation in Xenopus laevis," 424. In the 
paper, they had noted that many eggs were of "bad quality" in laboratory-reared Xenopus, meaning that a 
good number of normal eggs, untouched by any experiment, would often be aborted during development 
due to any number of abnormalities. 
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Secondly, Briggs and King commented on the presence of the maternal nuclei, a 

problem that Gurdon had tried to anticipate.  Though inactivated, Briggs and King saw 

the physical existence of the nuclei to be a significant difference in the two experimental 

protocols.  They hypothesized that it could possibly account for the ability of Xenopus 

eggs to reinitiate development for nuclei from later stages than shown in Rana pipiens, 

which, of course, did not contain any extra cellular components due to the fact that they 

were enucleated at the beginning.103 

Over the next two years, Gurdon would publish several papers to counter the 

various arguments leveled against his conclusions.  He would go to great lengths to 

provide experimental evidence that the leftover, inactive nuclei of the egg had no effect 

on the expression and development of the frog.  In most of these experiments, Gurdon 

used two different species of Xenopus in order to test the interaction between the nucleus 

and its cytoplasm, particularly in reference to Briggs' complaints.104  Gurdon also learned 

to manipulate his data better, finding ways to increase the percentage of successful 

nuclear transplants that developed into normal frogs.  Mostly, Gurdon sorted out the 

negative results through a process of elimination; tossing out the ones that he knew 

developed abnormally due to technical failure, or those that were of "bad quality" and 

would have led to deficient development even under normal circumstances.105  All the 

while, Gurdon never disputed the trends present in Briggs' and King's or his own data, but 

                                                
103 Robert Briggs and Thomas King, "Nuclear Transplantation Studies on the early Gastrula I. Nuclei of 
Presumptive Endoderm," Developmental Biology 2 (1960): 267-68. 
104 J. B. Gurdon, "The Transplantation of Nuclei Between Two Subspecies of Xenopus laevis," Heredity 16 
(1961): 305-15; J.B. Gurdon, "The Transplantation of Nuclei Between Two Species of Xenopus," 
Developmental Biology 5 (1962): 68-83. 
105 J.B. Gurdon, "The Developmental Capacity of Nuclei Taken From Differentiating Endoderm Cells of 
Xenopus laevis," Journal of Embryology and Experimental Morphology 8 (1960): 505-26. 
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instead focused on justifying why he trusted particular components of the nuclear 

transplantation data. 

At the end of 1962, Gurdon published one of his most well-known papers on 

nuclear transplantation.106  In the article, Gurdon argued that he had obtained normally 

developing frogs from nuclei coming from completely specialized and differentiated 

cells, which were intestinal cells from feeding tadpoles.  Gurdon chose these cells 

because they looked different under a microscope, having a striated border that set them 

apart from other cells and making them easily distinguishable when dispersed along with 

a lot of other cells in the petri dish before transplantation.  Out of 726 transfers of 

intestinal cell nuclei, Gurdon received ten normal feeding tadpoles, which equated to 

about a 1.5% success rate.  Through a variety of methods, including serial transplantation 

of nuclei from abnormally developing embryos, Gurdon boosted the figure of successful 

nuclear transfers from intestinal nuclei to about 7.5% by throwing out some of the 

negative results and decreasing the number of total nuclear transfers completed.  After 

another round of data analysis, Gurdon concluded that the true number of normally 

developing embryos from intestinal nuclei was around 24%.107  From this work, Gurdon 

strongly concluded that "these experiments therefore show that a nucleus can be 

responsible for the formation of an intestinal epithelium cell and at the same time possess 

                                                
106 J.B. Gurdon, "The Developmental Capacity of Nuclei Taken from Intestinal Epithelium Cells of 
Feeding Tadpoles," Journal of Embryology and Experimental Morphology 10 (1962): 622-40. 
107 See table 5 for the most concise view of the various data mining exercises that Gurdon completed to 
increase the percentage from 1.5% to 24%.  J.B. Gurdon, "The Developmental Capacity of Nuclei Taken 
from Intestinal Epithelium Cells of Feeding Tadpoles," Journal of Embryology and Experimental 
Morphology 10 (1962): 635. 
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the capacity to form other kinds of differentiated cells."108  Gurdon believed that the 

successful nuclear transfers that he saw from the intestinal cells were not experimental 

artifacts, but actual reflections of nature.   

Within four years of first presenting his data, Gurdon had come to strongly 

support an opposing view from Briggs, King, and the LHRI associates.  The reality, 

however, was that he was not in the majority opinion.  The immediate argument from 

most of the North American researchers was that Gurdon's successful nuclear 

transplantations were not actually intestinal cells, but the highly isolated stem cells that 

pervaded all tissue types.  The stem cells, of course, would have been completely 

undifferentiated and similar to early embryonic cells, allowing them to reproduce 

development easily.  In essence, other scientists doubted that the striated borders that 

Gurdon relied upon to differentiate the stem cells from the specialized intestinal cells 

were enough to be completely sure that each cell was in fact specialized.109  Moreover, 

right before Gurdon had published his paper, Di Berardino had published an article that 

showed about 1-2% of all tissues contained undifferentiated cells.110  For those in 

opposition to Gurdon's view, the percentage of Di Berardino's findings equated well with 

the original 1.5% percentage of successful nuclear transplantations from intestinal 

                                                
108 J.B. Gurdon, "The Developmental Capacity of Nuclei Taken from Intestinal Epithelium Cells of 
Feeding Tadpoles," Journal of Embryology and Experimental Morphology 10 (1962): 635. 
109 In an oral history with Marie Di Berardino, she voiced the opinion that distinguishing between cells 
with or without a striated boarder was far more difficult than Gurdon made it out to be, and it's not hard to 
believe that in the large number of nuclear transfers they did that they might have chosen one or two 
incorrect cells.  Di Berardino said that ultimately, Gurdon's proofs were not up to the standards of marker 
research.  See Marie Di Berardino, Interview by author, March 2, 2011, Haverford, PA.:  36. 
110 Marie Di Berardino, "Investigations of the Germ-plasm in Relation to Nuclear Transplantation." 
Journal of Embryology and Experimental Morphology 9 (1961): 507-13. 
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cells.111  Even Gurdon's advisor, Fischberg, always believed that the nucleus changed in 

some way during development.112 

In the two years before he published his paper on intestinal cells, Gurdon had 

spent time at the California Institute for Technology as a postdoctoral student.  He had 

decided to try his hand at bacterial phage genetics rather than take a postdoc offer with 

Briggs or King, since, as Fischberg reminded him, he already knew how to do nuclear 

transplantation.113  While in the United States, Gurdon visited King's laboratory at LHRI, 

and Briggs' at Indiana University.  Briggs' was pleasant in his disagreement, Gurdon 

remembers.  "I understand your experiments, and I can't see any fault with them, but 

nevertheless we will take a different view," Gurdon remembers Briggs saying.114  The 

reaction at LHRI was a little different, with King and Di Berardino having much more 

hostile reactions to his work.  Gurdon recollects their reaction as being rather 

understandable.  "Briggs and King were famous people," Gurdon remembers, "who 

developed these amazing techniques…they had lovely papers…nothing wrong with their 

work at all, and then this kind of young graduate student from another country came 

                                                
111 This conundrum, of truly proving that you used specialized cells to reinitiate development, was not 
conclusively solved until 2002 with the paper by K. Hochedlinger and Rudolph Jaenisch, "Monoclonal 
Mice Generated by Nuclear Transfer from Mature B and T Donor Cells," Nature 415 (Feb 28, 2002): 1035-
8.  Even in the famous paper announcing Dolly in 1997, Ian Wilmut explicitly said that they could not fully 
be sure that the cell they used was not one of the undifferentiated cells imbedded in all tissues.  See I 
Wilmut, AE Schnieke, J McWhir, AJ Kind, and KH Cambell, "Viable Offspring Derived from Fetal and 
Adult Mammalian Cells," Nature 385 (Feb 27, 1997): 810-113 
112 John Gurdon, interview by author, Cambridge, England. February 18, 2011: 16. 
113 Fischberg had pushed him to learn new things in his postdoc rather than joining one of the nuclear 
transplantation laboratories in the United States. This decision would prove to be wise later, as Gurdon 
became adept in the late 1960s and 1970s at integrating the molecular biology tools he learned at California 
Institute of Technology, an epicenter of early molecular biology, into his nuclear transplantation research.  
Several scientists have told me that Gurdon's work in the 1970s was his most elegant and important, even 
though almost all of the press that he gets now is due to his nuclear transplantation work in the late 1950s 
and early 1960s. 
114 John Gurdon, interview by author, Cambridge, England. February 18, 2011: 17. 
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along and said the interpretation's different so it was understandable that there was a 

hostile reaction."115 

Notably, Gurdon's experiments had impacted the experimental practice of Briggs 

and King since 1958, even though they never changed their conclusions.  Gurdon had 

started to raise the transplanted frogs to adulthood, testing whether they were also 

reproductively viable.  Briggs and King's groups quickly began to do the same thing with 

Rana, realizing again as they had years earlier that assuming normality after a certain 

development stage had its problems and that to be truly confident that the procedure 

created normal frogs they needed to raise them through adulthood.116  Secondly, Briggs 

and King's group also began to integrate nuclear markers, just as Gurdon had, into their 

experiments.  In the late 1950s, McKinnell, the newest post-doctoral fellow at LHRI, did 

not have access to a nucleolus mutation that Gurdon used, so instead he took advantage 

of a natural variation of frog skin color patterning called "kandiyohi."  Transplantations 

using nuclei from kandiyohi dominant frogs in normal cytoplasm would eventually 

develop into fully mature frogs exhibiting the dominant skin pattern.117  Essentially, 

Gurdon's work had been challenging enough that the burdens of proof had become more 

exacting, not just for Gurdon as he attempted to argue for his interpretations, but for the 

entire community.  The original nuclear transplanters could level criticisms about the 

validity of Gurdon's experiment only if they could feel confident that their work could 

stand up to the new experimental rigors. 

                                                
115 John Gurdon, interview by author, Cambridge, England. February 18, 2011: 18. 
116 This was problematic for nuclear transplanters using Rana on a logistical level since they matured at a 
much slower rate than Xenopus. 
117 Robert McKinnell, "Development of Rana pipiens (Kandiyohi Dominant Mutant) Nuclei to R. pipiens 
Cytoplasm," The American Naturalist 94 (1960): 187-88. 
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Over the next few years, after Gurdon had returned to Oxford to fill the position 

left vacant when his advisor moved to the University of Geneva, the controversy seemed 

at a stalemate.  For Briggs and King, Gurdon's data added to their substantial results, 

which they believed showed a trend of continuous restriction during development.  And 

moreover, they were not convinced that the few positive results that Gurdon did receive 

were not false positives or experimental artifacts.  Gurdon, on the other hand, saw 

importance in the extremely few positive results.  He felt secure in his criteria, and one 

success out of three hundred attempts was profound for Gurdon, pushing him to make an 

interpretation about development and differentiation that was opposite to what could be 

seen as a conservative analysis of the data. 

Ultimately, Gurdon's work gained a following.  James Ebert, who was director of 

the department of embryology at the Carnegie Institute of Washington at the time, 

strongly endorsed Gurdon's work.118  At the same time, molecular biology had begun to 

provide more and more evidence in favor of Gurdon's interpretation.  Previously, into the 

mid-1950s, most biologists believed that all the genes were either off, or they were on.  It 

seemed entirely plausible, if not expected, that the differentiation of cells mirrored the 

differentiation of the genome.  The concept of a genetic program, meaning that genes 

could be turned off and on at various times, was not formalized until the early 1960s with 

the work of Jacques Monod and others.119  The new conception of the genome and its 

function in the cell continually reinforced Gurdon's interpretation.  Though the data had 

                                                
118 John Gurdon, interview by author, Cambridge, England. February 18, 2011: 20. 
119 The rise of molecular biology has been approached in several ways. See Soraya de Chadarevian, 
Designs for Life: Molecular Biology After World War II (Cambridge: Cambridge University Press, 2002); 
Lily E. Kay, The Molecular Vision of Life: Caltech, the Rockefeller Foundation, and the Rise of the New 
Biology (Oxford: Oxford University Press, 1996); Michel Morange, A History of Molecular Biology 
(Cambridge, MA: Harvard University Press, 2000). 
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started out starkly in favor of the original interpretation of Briggs and King, by the mid-

1960s that trend had changed. 

 

Conclusion 

 The first decade of nuclear transplantation research involved a series of boundary 

discussions over its fallibility.  After Briggs and King succeeded in developing nuclear 

transplantation in 1952, in the first few experiments that followed they sought to 

understand what types of claims they could make using the technique.  They particularly 

focused on elaborating the effects that nuclear transplantation had on the cell so that they 

could decide which results were indicative of new knowledge or an echo derived from the 

experimental setup.  As Briggs and King became more convinced of the types of 

questions that nuclear transplantation could answer, they were able to create strong 

explanatory theories surrounding the generated results.  Specifically, Briggs and King 

believed the pattern of decreasing success for nuclear transplantation over the course of 

development indicated that nuclei differentiated along with the cell as the embryonic 

development progressed. 

 In the late 1950s, however, a new perspective emerged that challenged the 

boundaries that Briggs and King had previously negotiated.  Gurdon used a variety of 

markers, both at the nucleic and at the cellular level, to make a case for the validity of a 

small number of positive results.  From those few outcomes, Gurdon concluded that 

Briggs and King were wrong, that nuclei do not undergo irreversible changes during 

development.  Instead, the decreasing trajectory of success in more differentiated cells 
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was an outcome of a more difficult experimental configuration, as it was harder to 

transplant nuclei from older cells in general. 

 The scientific conflict that ensued after Gurdon's results concentrated on 

discussions over the validity of the results.  Were the markers that Gurdon used really 

reliable in differentiating between an experimental artifact and a new fact?  In the process 

of criticism, Briggs and King reevaluated their own methods, realizing that they needed 

to integrate more robust measures of validity than they had before if they wanted to 

continue to support their conclusions.   

In the end, the controversy over the validity of Gurdon's conclusions dissipated as 

the fields of molecular biology and genetics continued to supply more knowledge about 

heredity.  As these disciplines advanced, Gurdon's conclusions became more likely and 

more accepted, as Briggs and King's work would have continued to present difficulties to 

larger theories of heredity.  The mechanisms of gene regulation, such as the operon 

discovered by Monad, Jacob, and Lwoff in 1960, would become less powerful if the 

regulation system was based more on how the genome was segregated during 

development, than by a series of chemical pathways that turned genes on and off in 

response to developmental or environmental cues.  Though the 1960s and 1970s 

produced results that occasionally showed restricted development of nuclei, these were 

seen as outcomes of specific instances, not abnormalities that required a reevaluation of a 

larger theory. 

The debate over nuclear transplantation during this decade can also serve as an 

example for philosophers of science.  In particular, the nuclear transplantation 

controversy in the 1950s can be used as a historical case study for what philosophers 
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have called underdetermination of theory.120  At its core, the discussion about 

underdetermination of theory concerns the relationship between evidence and theory.  

Scientists justify the truth of a particular theory – evolution, for instance – based on a 

body of evidence.  Besides speculative hypotheses on topics with little evidence, many 

scientific theories are assumed to be true explanations about the way the world works.  

Certainly electromagnetic theory, for example, has been used to great effect in the 

creation of modern technology, all of which works magnificently in real life.  However, 

philosophers point out that in the history of science there have been dramatic revolutions 

in our understanding of the world.  Often, scientists have strongly supported a theoretical 

understanding of the world, believing that it truly represented the way the world worked, 

only eventually to find a new theory that provides even more explanatory power and that 

can often be substantially different from the first.  Because of this, some philosophers of 

science have speculated about the reality of scientific explanations in general, knowing 

that history demonstrates that most current theories will be overturned in favor of new 

ones in the future.  Others suggest that there are always an unknowable number of 

scientific theories that can effectively explain the same body of evidence.121  In effect, 

some philosophers have questioned whether any proof can ever be put forward to show in 

certitude the validity of one particular theory – hence, the description of the problem as 

                                                
120 For a good overview of the issues of underdetermination of theory, see Kyle Stanford, 
"Underdetermination of Scientific Theory," Stanford Encyclopedia of Philosophy (Winter 2009) 
(http://plato.stanford.edu/entries/scientific-underdetermination, accessed March 30, 2011); and Larry 
Loudan and Jarrett Leplin, "Empirical Equivalence and Underdetermination," The Journal of Philosophy 9 
(1991): 449-72. 
121 P. Kyle Stanford breaks down the different discussions within this viewpoint in "Refusing the Devil's 
Bargain: What Kind of Underdetermination Should we Take Seriously?" Philosophy of Science 68, no. 3 
(2001): S1-S12. 
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an underdetermination of theory.  Philosophical debates about the validity of scientific 

theories have been also described as questions of "scientific realism."122 

In a quest to argue for or against particular views in the debate over 

underdetermination of theory, several historical episodes in the history of science have 

been used as case studies. These case studies can be used to illustrate how scientists 

choose among competing theories to describe new phenomena, or how scientists can 

have orthodox theoretical commitments and have refused to see how alternative theories 

could ever be viable.123  At first glance, the controversies that arose in the late 1950s in 

nuclear transplantation research could be an effective case study for underdetermination.  

Both groups of researchers had found very similar results, with nuclear transplantation's 

success decreasing considerably during development and only a couple, if any, positive 

results at the latest stages.  Briggs and King's group could be seen as having a theoretical 

commitment to nucleic differentiation that blinded them to the unforeseen interpretations 

made by Gurdon.124  While Briggs and King designed their theory on the negative 

correlation in the experiments, Gurdon focused on the few positive results.  The ultimate 

acceptance of Gurdon's theory relied on the surrounding scientific context, which at first 

                                                
122 For an important example of work dealing with scientific realism, see Bastiaan C. Van Fraassen, The 
Scientific Image (Oxford: Clarendon Press, 1980). 
123 For an example of how underdetermination plays out when scientists are forced to choose among 
competing theoretical descriptions, see Michael Dietrich and Robert A. Skipper, Jr., "Manipulating 
Underdetermination in Scientific Controversy: The Case of the Molecular Clock," Perspectives in Science 
15 (2007): 295-326.  In addition, P. Kyle Stanford has designed his book around several case studies which 
illustrate how theoretical commitments have blinded researchers to other, more viable, theories, in 
Exceeding Our Grasp: Science, History, and the Problem of Unconceived Alternatives (Oxford: Oxford 
University Press, 2006).   
124 Coincidentally, Stanford uses the historical example of August Weismann in his discussions of 
underdetermination, going into explicit details concerning Weismann's theories about the germ plasm and 
what he conceived of as nucleic differentiation.  The connection between Weismann's theoretical 
commitments and the later episodes involving Briggs and King seem more fortuitous, however, than 
historically connected. 
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supported Briggs and King's view in the 1950s, but was later undercut by the rise of 

molecular biology and developmental programs theory. 

However, the narrative in this work does not support a purely theoretical 

interpretation of the nuclear transplantation controversy.  Briggs and King's group did not 

dismiss Gurdon's conclusions because of a blinding belief in their own theoretical claims, 

but rather because of the confidence they had in their understanding of what nuclear 

transplantation as a technique could do.  In other words, what looks like a significant 

controversy over theoretical disputes can also be seen as a controversy over the fallibility 

of a specific technique.  Briggs and King did not necessarily have an extreme conviction 

about their theory, but they were confident in their understanding of what the technique 

could tell them.  Consequently, they disregarded the work of Gurdon, not because they 

could not conceive of another theoretical interpretation of nuclear differentiation, but 

rather because they could not conceive of nuclear transplantation producing another, 

opposing, conclusion about nuclear differentiation.  Thus, the controversy over nuclear 

transplantation in the 1950s and early 1960s creates new considerations for philosophers 

when they are looking for historical episodes exemplifying underdetermination of theory.  

It is not just theoretical orthodoxy that can create conditions where other interpretations 

are disregarded, but also orthodox beliefs in the limits of experiments. 

1962 was perhaps the most significant year in the history of nuclear 

transplantation.  In December of that year, John Gurdon published possibly his most 

persuasive paper, concerning the genomic potential of somatic cells, which directly 

contradicted the interpretations of pioneers Robert Briggs and Thomas King.  Though the 

years leading up to and following Gurdon's paper were filled with scientific debates 
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concerning the validity of his interpretation, the paper, along with several others that he 

published that year, marked a decisive turning point in the history of nuclear 

transplantation, as this chapter has shown.   

1962 was also the year in which the initial links were forged between the fanciful 

idea of cloning humans and the reality of nuclear transplantation.  Though the science of 

nuclear transfer had grown steadily over the previous decade, with no cause for concern 

over its potential applications, 1962 marked the beginning of an inexorable link between 

nuclear transplantation and cloning that by 1966 would be cemented in the view of the 

broader public, causing significant concern about nuclear transfer's applications as well 

as its implications.  



 

 178 

Chapter 4  
 

Going Public:  
Nuclear Transplantation's Transition to a Bioethical Challenge 

 
 

In November 1962, a small, elite group of intellectuals gathered in London for a 

conference on the topic Man and His Future.  Of the twenty-seven participants in the 

Ciba Foundation-funded conference, five were Nobel Laureates.  In attendance were the 

recently minted Nobel Laureate Francis Crick, as well as Peter Medawar, Albert Szent-

Györgyi, and Joshua Lederberg.  An aging H.J. Muller had his paper read, but could not 

attend at the last minute due to a sudden illness.  Julian Huxley, J.B.S Haldane, and 

Russell Brain were there as well, lending even greater prestige to the proceedings, as they 

occupied some of the most prominent positions in British biology and medicine.  George 

Pincus, whose creation and advocacy of the birth control pill had earned him significant 

name recognition, and Hudson Hoagland, President of the American Academy of Arts 

and Sciences, participated as well.  This group of intellectuals had been brought together 

to discuss, debate, and speculate about the impact of human actions on the world and the 

consequences of biological research for the future of the human race over the next ten, 

fifty, and – in Haldane's case – ten thousand years.  G.E.W. Wolstenholme, the organizer 

of the conference, charged the group with lofty goals: 

The world was unprepared socially, politically and ethically for the advent of 
nuclear power.  Now, biological research is in a ferment, creating and promising 
methods of interference with 'natural processes' which could destroy or could 
transform nearly every aspect of human life which we value.  Urgently, it is 
necessary for men and women of every race and colour and creed…to consider 
the present and imminent possibilities.  They must be prepared to defend what 
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they hold good for themselves and their neighbours, and, more importantly, to use 
the immense creative opportunities for a happier and healthier world.1 
 

Wolstenholme's introduction conveyed the idea – shared by many scientists – that 

humanity stood upon a precipice.  In and of themselves, the dangers of the atomic age 

seemed to hold the potential for extraordinary destruction.  In addition, new concerns 

over overpopulation and genetic deterioration also threatened future stability.  Although 

the trajectory of biomedical research promised to eradicate many scourges to human 

health, it also portended new problems for society in the way it revolutionized the 

understanding and control of life. 

It was concern over these fears that brought such prominent scientists together for 

the Man and His Future conference.  The conference program began with a discussion of 

several of the largest problems facing humans in the near future.  First and foremost 

among them was the exponential growth in population, which many saw as extremely 

dangerous and unsustainable given the world's resources.  Pincus presented on the utility 

and limitations of birth control, and Carlton Coon spoke about the likely effects on social 

groups of substantially increasing populations.  Fears of resource scarcity moved the 

conversation to the relationship that humans have, and should create, with the 

environment.  Towards the end of the conference Lederberg, Muller and Haldane 

presented plans for controlling future human populations through the application of 

biological and social engineering.  While all three scientists scorned the bigoted nature of 

past eugenics movements, they claimed that eugenic ideals finally had an opportunity to 

                                                
1 Gordon Wolstenholme, ed., Man and His Future, A Ciba Foundation Volume (Boston: Little, Brown, 
and Company 1963): v. 
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be properly implemented given the knowledge and potential of molecular biology and 

genetics. 

 In J. B. S. Haldane's paper, the final of the conference, he discussed "Biological 

Possibilities in the Next Ten Thousand Years." In it, Haldane speculated about the ways 

in which humans would exert control over their bodies, and ultimately society, through 

science and technology over the next ten millennia.  Near the end of the paper, discussing 

how humans might improve their species, Haldane reflected: "Perhaps the first step will 

be the production of a clone from a single fertilized egg, as in Brave New World.  But this 

would be of a little social value."  Instead, Haldane offered an alternative, insisting that 

"the production of a clone from cells of persons of attested ability would be a very 

different matter, and might raise the possibilities of human achievement dramatically."2  

Haldane's cloning vision was likely one of the first times in which someone had 

connected the values of eugenics with the biological possibilities of cloning people from 

their individual cells.  Moreover, Haldane framed his vision within the conference's 

goals, reacting to the fears of human genetic deterioration and the promises of biomedical 

sciences.  Several days after Haldane raised the possibility of using adult cells to clone 

people, Gurdon's paper appeared (as discussed in chapter three), arguing that fully 

differentiated cells retained the genomic capacity to redevelop into an entire organism.  

Though Haldane may have linked the concepts only briefly, and without any mention of 

particular sciences, his ideas had significant influence on some of the other scientists 

present at the conference. 

                                                
2 J.B.S. Haldane, "Biological Possibilities in the Next Ten Thousand Years," in Gordon Wolstenholme, ed., 
Man and His Future, A Ciba Foundation Volume (Boston: Little, Brown, and Company 1963): 352 
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 Four years later, fellow Man and His Future conference attendee Joshua 

Lederberg published "Experimental Genetics and Human Evolution" in The American 

Naturalist, explicitly outlining a eugenic plan for cloning humans through the application 

of nuclear transplantation.  His paper relied heavily on the ideas presented at the 1962 

conference, particularly those of Haldane.  Lederberg's paper incited a significant 

bioethical debate over the next several years and has been credited as the beginning of the 

ethical controversy over cloning.3  Though the science of nuclear transfer had grown 

methodically over the previous decade, with no cause for concern over its potential 

applications, 1962 marked the beginning of an invariable link between nuclear 

transplantation and human cloning.  With the publication of Lederberg's 1966 paper and 

its connection to human cloning, nuclear transplantation became transformed in the eyes 

of the public from merely an innovative laboratory technique to a potentially 

revolutionary social engineering tool. 

In 1962, the controversies surrounding nuclear transplantation were strictly 

confined to the purview of those scientists who had used or were using the experimental 

technique in the laboratory.  By 1968, nuclear transplantation had become embroiled in 

an ethical controversy over whether humans should be cloned.  The combatants in these 

later debates were not the researchers that had articulated the technique of nuclear 

                                                
3 Joshua Lederberg, "Experimental Genetics and Human Evolution," The American Naturalist, 100, No. 
915, Special One Hundredth Anniversary Year Issue (Sep-Oct 1966): 519-531.  The same paper was also 
published a month later with only a few minor changes in the Bulletin of the Atomic Scientists. See Joshua 
Lederberg, "Experimental Genetics and Human Evolution," Bulletin of the Atomic Scientists 22, no. 8 
(October 1966): 4-11.  Albert R. Jonsen points to these papers as prompting the first responses from the 
bioethics community. See Albert R. Jonsen, The Birth of Bioethics (Oxford: Oxford University Press, 
1998): 306.  Also, Leon Kass explicitly pointed towards Lederberg's 1966 papers as the main trigger for the 
first cloning controversy in the late 1960s.  See Leon Kass, interview by Frazier Benya, Washington D.C., 
April 27, 2011: 27.  



 

 182 

transplantation, but rather early scholars of bioethics and scientists with goals beyond 

uncovering basic mechanisms of development.  In turn, the term 'cloning' began to 

replace the terms 'nuclear transplantation' and 'nuclear transfer,' and the shift in language 

represented the shift from scientific to ethical and social discourse.  In essence, the 

conversations surrounding nuclear transplantation had moved out of a few laboratories 

and had been introduced into a new – and much larger – sphere where the implications of 

nuclear transplantation research outweighed the details of development that it had 

unraveled.  This chapter details how nuclear transplantation transitioned from a scientific 

controversy in 1962 to an ethical conflict less than a decade later, after outsiders recast 

the potential of nuclear transfer to highlight their own agenda.  Consequently, this 

narrative shows how the conflation between nuclear transplantation and cloning that 

occurred during this period never dissipated, and can be seen even in the contemporary 

discussions surrounding cloning and nuclear transplantation. 

Much of this story can be explored through the career of Joshua Lederberg, whose 

life and work intersected many of the important pieces of this history.  Because of the 

influential role that he played in cementing the conflation of cloning and nuclear 

transplantation in 1966, Lederberg – though he never used the technique himself – also 

became an important new figure in the history of nuclear transfer beginning in the 1960s.  

Lederberg's background helps to explain why his ideas on cloning (rather than those of 

others who also suggested similar proposals) became the focus of bioethical debates in 

the late 1960s.  As a pioneer in molecular biology, Lederberg embodied the optimism 

surrounding this burgeoning field.  Moreover, his interest in the application of basic 

science to medicine illustrates the excitement that molecular biology generated in the 
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1950s for human genetics, along with a renewed excitement for eugenics.  However, 

Lederberg's career also coincided with the rise of significant fears surrounding the new 

threats of atomic radiation and overpopulation, which helped to generate his own self-

reflection on the direction of science and its potential for significant ethical 

complications.   

I thus begin this chapter with a substantial discussion of Lederberg's biography, 

after which I return to the 1962 Ciba conference, analyzing in more depth the concepts 

presented there and their legacy.  The subsequent section traces how nuclear 

transplantation and the idea of human cloning became even further conflated, culminating 

in Lederberg's influential publication in 1966.  Finally, I outline the most vociferous 

reactions to Lederberg's ideas, which constituted early voices in the emerging field of 

bioethics. 

 

Joshua Lederberg, Molecular Biology, and the Context of Fear in the 1950s 

Just as Robert Briggs was beginning a full-time career at Lankenau Hospital 

Research Institute in 1943, Lederberg was completing his undergraduate training, 

graduating in the spring of 1944 from Columbia University.  The comparatively few 

years between them belied the pace of advancement in biology, which set the two 

researchers on very different paths.  Excitement still surrounded embryology when 

Briggs had begun graduate school, though the popularity of genetics was clearly on the 

rise.4  However, when Lederberg began his post-secondary education, the quest for the 

                                                
4 As noted in chapter two, genetics at Harvard was in a lull when Briggs arrived, since the major geneticists 
at Harvard had retired and no one had yet replaced them.   
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physical structure of the gene and the anticipation surrounding its potential discovery had 

inspired a new generation of researchers, including Lederberg.5 

Joshua Lederberg was born just outside New York City, in Montclair, New 

Jersey, in May 1925.6  In 1941, Lederberg began pursuing an undergraduate degree in 

zoology at Columbia University, just down the street from where he had attended high 

school.  While there, Lederberg began working, under the biochemist Francis J. Ryan, 

with a relatively new, and increasingly popular, laboratory microorganism – Neurospora, 

or bread mold.7 

Ryan had recently come back to Columbia University himself.  He had just spent 

a year as a postdoctoral fellow under Edward Tatum and George Beadle at Stanford 

University.  From Tatum, a biochemist, and Beadle, a geneticist, Ryan had learned the 

newest techniques of biochemical genetics and discovered the advantages of working 

with Neurospora.  Ryan brought these proto-molecular biology techniques with him to 

Columbia, and soon his newest student, Lederberg, became enamored with their 

                                                
5 Many histories of twentieth century biology deal with this trajectory. See Garland Allen, Life Sciences in 
the Twentieth Century (Cambridge: Cambridge University Press, 1978); Evelyn Fox Keller, The Century of 
the Gene (Cambridge, MA: Harvard University Press, 2000); Philip Pauly, Biologists and the Promise of 
American Life (Princeton University Press, 1987); Ronald Rainger, Keith Benson, and Jane Maienschein, 
eds., The American Development of Biology, (Philadelphia: University of Pennsylvania Press, 1988); Keith 
Benson, Jane Maienschein, and Ronald Rainger, eds., The Expansion of American Biology, (New 
Brunswick: Rutgers University Press, 1991); Lily E. Kay, Who Wrote the Book of Life? A History of the 
Genetic Code (Palo Alto, CA: Stanford University Press, 2000); Robert Kohler, Lords of the Fly: 
Drosophila Genetics and the Experimental Life (Chicago: University of Chicago Press, 1994).  For an 
alternative history that contradicts this narrative, see Jan Sapp, Beyond the Gene: Cytoplasmic Inheritance 
and the Struggle for Authority in Genetics (New York: Oxford University Press, 1987). 
6 For more details of his life, see Joshua Lederberg's online biographical portrait in the "Profiles in 
Science" at the National Library of Medicine - http://profiles.nlm.nih.gov/ps/retrieve/Narrative/BB/p-
nid/29 (accessed June 30, 2011). 
7 For histories of Neurospora's growth as a standard research organism, see David D. Perkins, 
"Neurospora: The Organism Behind the Molecular Revolution," Genetics 130 (1991): 687-701; Norman 
Horowitz, "Fifty Years Ago: The Neurospora Revolution," Genetics 127 (1991): 631-635. 
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potential.8  That same fall, Beadle and Tatum published a landmark paper, which led to 

the one gene-one enzyme hypothesis a few years later.  For some historians, Beadle and 

Tatum's paper marks the beginning of a new era of biological research. In their research, 

they successfully applied the physical science of biochemistry to genetics, thus marking 

the beginning of molecular biology.9 

After completing his bachelor's degree, Lederberg entered the medical school at 

Columbia University in the fall of 1944.  For much of his life, Lederberg had intended to 

go into biomedical research, having been inspired by Paul de Kruif's The Microbe 

Hunters as a teenager.10  That type of research had historically required a medical degree, 

which was why Lederberg opted to go to medical school rather than a PhD program for 

biology.  Unlike many first year medical students, however, Lederberg continued to do 

independent research, carrying on experiments with his undergraduate advisor Ryan.  At 

about that same time, Oswald Avery, Colin McLeod, and Maclyn McCarty published 

their famous experiments indicating the significant role of DNA in the hereditary 

                                                
8 See B. Lee Ligon, "Biography: Joshua Lederberg, PhD: Nobel Laureate, Geneticist, and President 
Emeritus of the Rockefeller University," Seminars in Pediatric Infectious Diseases 9 (October 1998): 347. 
9 For examples, see Perkins, "Neurospora: The Organism Behind the Molecular Revolution," 687-701; 
Horowitz, "Fifty Years Ago: The Neurospora Revolution," 631-635.  Some historians, however, see Beadle 
and Tatum as inaccurately occupying a founding role for molecular biology.  Historian Jan Sapp argues that 
they were not the first to work on the connection between enzymes and genes in bacteria.  According to 
Sapp, that honor belongs to German biologist Franz Moewus, who Sapp argues has been purposefully 
written out of the history of molecular biology for a variety of political, social, and racial reasons.  For 
more on this, see Jan Sapp, Where the Truth Lies: The Origins of Molecular Biology (Cambridge: 
Cambridge University Press, 1990).   Other historians trace the origins of molecular biology to the 1930s 
and the patronage of the Rockefeller Foundation.  See Lilly Kay, The Molecular Vision of Life: Caltech, 
the Rockefeller Foundation, and the Rise of the New Biology (New York: Oxford University Press, 1993).  
Also, in From Medical Chemistry to Biochemistry (Cambridge: Cambridge University Press, 1982), Robert 
Kohler points out that it was not biochemists who made the initial important discoveries of molecular 
biology, but rather biologists, chemists, and physicists.  The institutional biochemists were slow to apply 
their analyses to some of biology's biggest problems (see Kohler's final chapter "Epilogue: Toward a 
Molecular Biology?"). 
10 Lederberg recalled that Kruif's book was one of the main inspirations for his generation of scientists, and 
like many of them he wanted to pursue medical research on diseases. See Joshua Lederberg, "Genetic 
Recombination in Bacteria: A Discovery Account," Annual Review of Genetics 21 (1987): 26. 
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process.11  Lederberg found inspiration in their studies for his own work, pursuing the 

transformative properties he believed inherent in microbes. 

In the spring of 1945, Edward Tatum moved from Stanford to Yale University, 

providing an opportunity for Lederberg to further his studies with one of the leaders in 

the field.  Ryan had realized that Lederberg's project would appeal to Tatum, and he 

pushed Lederberg to take a leave of absence from Columbia's medical school to conduct 

research with Tatum at Yale University.   That summer, Lederberg moved to New Haven 

and began to work with some of the inbred strains of E. coli that Tatum had developed in 

previous research.  Since Lederberg had already come in with a well-defined 

experimental strategy, it took less than six months for Lederberg and Tatum to produce 

successful results.12  

Lederberg and Tatum showed through rather simple experiments that E. coli go 

through a sexual phase, which Lederberg called conjugation, in which they transfer the 

genes among themselves.13  The work was profound, opening up new avenues of research 

in genetics, evolution, and biochemistry.  Though the work done by Beadle and Tatum 

several years earlier had made bacterial experimentation more popular, the revelation that 

                                                
11 Avery, McLeod and McCarty's work has been highlighted as an integral experiment leading to the 
discovery of DNA's structure in 1953.  For specific historical accounts of DNA's discovery and the 
important experiments that leading up to it, see Robert Olby, The Path to the Double Helix (Seattle: 
University of Washington Press, 1974); Horace Freeland Judson, The Eighth Day of Creation: Makers of 
the Revolution in Biology (Cold Spring Harbor: Cold Spring Harbor Press, 1996). For a more personal and 
more controversial account of the story see James D. Watson, The Double Helix: A Personal Account of 
the Discovery of the Structure of DNA (New York, Atheneum, 1968).  For an important historiographical 
discussion see Pnina Abir-Am, "Themes, Genres, and Orders of Legitimation in the Consolidation of New 
Scientific Disciplines: Deconstructing the Historiography of Molecular Biology," History of Science 23 
(March 1985): 73-117. 
12 The Joshua Lederberg Papers, Biographical Information, "Profiles in Science," National Library of 
Medicine, http://profiles.nlm.nih.gov/ps/retrieve/Narrative/BB/p-nid/29 (accessed June 30, 2011). 
13 For a detailed discussion of these experiments, see Lederberg, "Genetic Recombination in Bacteria: A 
Discovery Account," Annual Review of Genetics 21 (1987): 23-46. 
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microbes could be studied through Mendelian analyses offered yet another powerful tool 

in the study of heredity.  Moreover, it helped establish bacteria as a new model organism 

for research, particularly for genetics and the new field of molecular biology.  If fruit flies 

had been lauded for their simplicity and ease of use as a laboratory organism, then E. coli 

offered even more exciting possibilities.  Bacteria had simple biochemical systems that 

were well-known, and they could go through hundreds of generations in a matter of days, 

making them ideal for a new generation of molecular and genetic techniques. 

   After his tremendous success, Lederberg decided to stay with Tatum to 

complete his PhD at Yale.  He continued to work with E. coli, helping to map its single 

chromosome.  Lederberg received his PhD in 1947, when he was still twenty-two years 

old.  Though he had planned to return to medical school at Columbia University, 

Lederberg received an offer from the University of Wisconsin, Tatum's alma mater, to be 

an assistant professor in genetics.14  Lederberg took the offer and began his career in 

academia in the fall of 1947; however, his earlier ambitions in medicine were never 

completely abandoned, and he would be instrumental in creating a new department at 

Wisconsin that explicitly brought genetics and medicine closer together under a unified 

department.15 

                                                
14 The Joshua Lederberg Papers, Biographical Information, "Profiles in Science," National Library of 
Medicine, http://profiles.nlm.nih.gov/ps/retrieve/Narrative/BB/p-nid/29 (accessed June 30, 2011). 
15 At Wisconsin, Lederberg continued to exploit bacteria in a research program devoted to biochemical 
genetics.  Historian Jan Sapp has maintained that Lederberg's research program "characterized biochemical 
genetics of the 1940s and 1950s, in general."  It had three main lines of research.  First, Lederberg 
continued the work of the field's founders, Beadle and Tatum, in elucidating the one gene-one enzyme 
hypothesis.  Secondly, Lederberg began to work with viruses that infected bacteria, known as 
bacteriophage.  Lederberg's work showed how viruses could transfer genes from one bacterium to another 
through a process of infection, essentially uncovering yet another mechanism in which bacteria could gain 
and lose new genes and uncovering an evolutionary role for viruses.  This last line of research dovetailed 
with one of Lederberg's final research threads, which was to elucidate the nature of the mutations in 
bacteria.  Given his long-term interests in the medical applications of basic research, Lederberg was acutely 
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At the University of Wisconsin, Lederberg combined basic and medical research 

into one administrative unit.  In 1957, after spending a decade at the University, 

Lederberg became the first chair of a newly formed medical genetics department.  The 

next year, Stanford University lured Lederberg away to head its new department of 

genetics located in the medical school During the period of his transition between 

Wisconsin and Stanford, Lederberg was awarded a Nobel Prize for his work on bacterial 

conjugation.  Lederberg remarked, "The award comes at a most propitious time for the 

focusing of attention on the role of genetics in medical science."16   

Lederberg's interest in combining basic science and medicine was not new in the 

late 1950s; rather, it was a major theme of his academic life.  Throughout his career, 

Lederberg had consistently been exposed to applicative ideas of basic research, or 

fostered his own.  It began early in his education when Lederberg had idealized the goals 

inherent in The Microbe Hunters.  Lederberg had also finished his undergraduate degree 

at Columbia during World War II, when many college students were looking for ways to 

help in the war effort.  Lederberg was among them and volunteered for the United States 

Navy's V-12 medical program that assisted in accelerating medical school in order to 

create new medical officers.  To fulfill his first obligation, Lederberg worked a Long 

Island Navy hospital, examining stool and blood samples of returning service men for 

parasites such as malaria.17  His work with these bacteria early on in his career 

                                                                                                                                            
aware of the implications of understanding how bacteria acquired drug resistances and interacted with the 
human system. Jan Sapp, Where the Truth Lies: The Origins of Molecular Biology (Cambridge: 
Cambridge University Press, 1990): 64. 
16 Lederberg to H.J. Muller (October 30, 1958). Lederberg Papers, NLM, 
http://profiles.nlm.nih.gov/ps/access/BBABDC.pdf (accessed August 24, 2011) 
17 The Joshua Lederberg Papers, Biographical Information, "Profiles in Science," National Library of 
Medicine, http://profiles.nlm.nih.gov/ps/retrieve/Narrative/BB/p-nid/29 (accessed June 30, 2011). 
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highlighted how basic research into microbes could have immediate applications in the 

prevention and treatment of menacing diseases.  It also fit into his Kruifian ideals.  

Moreover, Lederberg had been exposed to ways in which basic research could have 

immediate applications to human health.  His graduate advisor at Yale, Edward Tatum, 

had already successfully been a part of a basic research program at Stanford that had 

made connections with industries.  Beadle and Tatum had begun their research program 

at Stanford on Neurospora right at the beginning of World War II when money for basic 

research such as theirs was becoming scarce.  However, Beadle and Tatum cultivated 

connections with industry, particularly those that could benefit from microbial research 

such as pharmaceuticals and food businesses.18 

Lederberg's development as a scientist also coincided with the growth of 

molecular biology as a discipline.  Though the discovery of DNA's structure in 1953 

often acts as a placeholder for the beginning of molecular biology, many historians see 

the earliest beginnings of the discipline in the 1930s and 1940s.  Historian Lilly Kay 

found the first institutional structures were created in the private sector in the 1930s, as 

the Rockefeller Foundation and the California Institute of Technology provided 

leadership in a new endeavor to uncover the structures and actions of important cellular 

molecules.19  Moving into the 1940s, the biochemical work of Beadle and Tatum, the 

phage research of Max Delbruck, and the protein analysis of Linus Pauling relied on 
                                                
18 Historian Lilly Kay points out that Tatum's father had close connections with these companies, which 
could have contributed to Beadle and Tatum's ability to create good working relationships.  Lilly Kay, 
"Problematizing Basic Research in Molecular Biology," in Private Science: Biotechnology and the Rise of 
Molecular Sciences, ed. Arnold Thackray (Philadelphia: University of Pennsylvania Press, 1998): 24. 
19 Kay, The Molecular Vision of Life.  Kay is focused on the American growth of molecular biology, 
which is the most applicative to Lederberg's biography.  However, molecular biology was established 
differently in other countries.  For an account of how molecular biology was established in England, see 
Soraya de Chadarevian, Designs for Life: Molecular Biology After World War II (Cambridge: Cambridge 
University Press, 2002). 
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novel systems and technologies to extrapolate new understandings of cellular and genetic 

mechanisms.20  The discipline was referred to both as molecular biology and "the new 

biology," and Lederberg embraced it just as it blossomed in the 1940s, generating results 

that would earn him, Beadle, and Tatum a Nobel Prize in 1958.   

Kay argues that molecular biology was more than just a new technological and 

mechanistic approach to biology: inherent in its development were social goals of human 

betterment.  The Rockefeller Foundation's funding project behind molecular biology was 

even named "Science of Man," as Kay points out.21  Much of the leadership at early 

funding agencies such as the Rockefeller Foundation believed that molecular mechanisms 

were at the root of all biological and social processes.  The hope was that as molecular 

biologists articulated these basic processes, the knowledge could be applied to social 

engineering and biological problems.  Though the influence of private funding agencies 

declined after World War II when the federal government became a major provider for 

molecular biology, Kay claims that the aspirations of molecular biology's translation to 

human affairs had become completely integrated into the discipline by that point.  It is 

not surprising, then, to see many molecular biologists advocate for the revolutionary 

implications of their research for human medicine and society in the late 1950s.  The 

discipline had rapidly become one of the most exciting in biology, uncovering 

information about the mechanisms of heredity at a pace that made many scientists believe 

that they were on the cusp of gaining an unprecedented control over life. 

By the end of the 1950s, Lederberg had become a standard-bearer for the 

discipline of molecular biology.  Both young and a Nobel Laureate, Lederberg embodied 
                                                
20 Lilly Kay, "Problematizing Basic Research in Molecular Biology," 24. 
21 Lilly Kay, "Problematizing Basic Research in Molecular Biology," 8. 



 

 191 

the enthusiasm for the pace and direction of molecular biology as well as the commitment 

to apply the newest molecular knowledge to medicine.  Beginning as a young student, 

Lederberg wanted to make major impacts for the betterment of human life.  Though he 

never ended up taking a medical degree as he had once expected to, Lederberg had found 

himself at the forefront of a new biology that had the potential to revolutionize medicine 

and society by significantly increasing the ability for humans to intervene and control 

life.   

In the late 1950s, Lederberg envisioned only a bright future for the world, as 

molecular biology and biomedicine continued to make great strides in answering many 

outstanding biological questions.  By the early 1960s, however, several other issues 

became prominent within the scientific community that challenged the optimistic 

expectations of molecular biology.  In particular, a rising fear of overpopulation and the 

threat of long-term radiation damage had become central motivating fears for many 

people. 

Though discussions about rising population rates were present before the 1940s, 

fears of overpopulation gained prominence after World War II.22  The world had 

experienced one of the bloodiest conflicts in history, but it had also witnessed dramatic 

changes to human health.  Infant mortality was cut in half during the 1930s and 1940s, 

and life expectancy jumped in many parts of the world thanks to new methods of disease 

prevention and the application of antibiotics such as penicillin.23  Together with a return 

                                                
22 Garland Allen, "Old Wine in New Bottles: From Eugenics to Population Control in the Work of 
Raymond Pearl," in The Expansion of American Biology, ed. Keith R. Benson, Jane Maienschein, and 
Ronald Rainger (New Brunswick, NJ: Rutgers University Press, 1991). 
23 Matthew Connelly, Fatal Misconception: The Struggle to Control World Population (Cambridge: The 
Belknap Press of Harvard University Press, 2008): 115-116. 
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of peace, a baby boom occurred that dramatically shifted world population projections for 

the future.  In the late 1940s, a variety of different organizations were created, or shifted 

their focus, to curtail explosive population growth that many believed posed threats to 

future world peace, sustainability, the environment, and traditional social structures.24   

By the early 1960s, the overpopulation problem had become a significant fear in 

the academic community after a proliferation of books, pamphlets, and conferences on 

the subject had brought worldwide attention to the subject in the 1950s.25  Beyond 

questions about resource scarcity and environmental impact, there were also significant 

questions about the quality of life for future human populations.  This issue in particular 

was also wrapped up in fears about the impact of atomic radiation, through either testing 

or war, on the human genome. 

During World War II, scientists participating in the Manhattan Project had 

conducted studies to understand the immediate effects of radiation exposure, mostly to be 

                                                
24 For instance, as head of UNESCO in the late 1940s, Julian Huxley campaigned to make population 
control a top priority for the organization.  In the United States in the early 1950s, John D. Rockefeller III 
began to make the population problem a core part of his philanthropy.  Bringing together a select group of 
scientific and academic leaders in 1952 in what became known as the Population Council, Rockefeller 
began his crusade against what he believed to be an increasingly important problem for the world.  
Connelly, Fatal Misconception, 128 -159. 
25 For examples of conference proceedings, see Population Council, Conference Committee on Population 
Problems, Population: An International Dilemma; A Summary of the Proceedings of the Conference 
Committee on Population Problems, 1956-1957 (New York: Population Council, 1958).  Others 
publications include Marston Bates, The Prevalence of People (New York: Charles Scribner's Sons, 1955); 
Heinz von Forster, Patricia Mora, and Lawrence W. Amiot, "Doomsday: Friday, 13, November, A.D 
2026," Science 132 (1960): 1291-1295; Committee on Science and Public Policy (National Academy of 
Sciences), The Growth of World Population: Analysis of the Problems and Recommendations for 
Research and Training (Washington D.C.: National Academy of Sciences – National Research Council 
Publication 1091, 1963); Larry K. Y. Ng and Stuart Mudd, eds., The Population Crisis: Implications and 
Plans for Action (Bloomington, IN: Indiana University Press, 1965). All of these culminated with Paul 
Ehrlich's attention-garnering work in 1968.  
25 Entitled "The Future of Man Symposium," this event had nothing to do with the 1962 conference in 
London sponsored by the Ciba Foundation. 
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aware of the potential risks to those working directly on nuclear projects.26  Some 

immediate effects were identified, but the long-term effects of radiation exposure on the 

human body, particularly at the hereditary level, were unclear.  In the political aftermath 

of World War II, the United States Congress, after much bickering, created a civilian-

controlled Atomic Energy Commission (AEC) to lead both the military and civilian 

efforts in nuclear power.27  Soon after it was formed, the AEC created a committee, 

called the Atomic Bomb Casualty Commission (ABCC), to specifically look into the 

aftermath of atomic blasts in Japan.  Amongst several different projects, the ABCC 

established several studies to understand the long-term effects of radiation on the human 

genome.28  However, some geneticists, particularly H.J. Muller, had already been 

preaching about the dangerous effects of radiation since the 1930s.29 

In 1949, as President of the American Society for Human Genetics, Muller argued 

that increased radiation exposure was creating small deleterious mutations in humans.30  

These mutations were unnoticed because they were recessive, meaning that the dominant 

good genes prevented these small defects from being perceived.  However, as these 

mutations built up within the genome over several generations, Muller argued, eventually 

                                                
26 Curt Stern at the University of Rochester conducted the majority of these experiments.   
27 Daniel J. Kevles, The Physicists: The History of a Scientific Community in Modern America 
(Cambridge, MA: Harvard University Press, 1995):  
28 John Beatty, "Genetics in the Atomic Age: The Atomic Bomb Casualty Commission," in Keith R. 
Benson, Jane Maienschein, and Ronald Rainger, eds., The Expansion of American Biology (New 
Brunswick, NJ: Rutgers University Press, 1991). 
29 In 1926, Muller had experimentally concluded in his Drosophila research that x-rays caused genetic 
mutations.  Understanding the potential implications of this research for humans, Muller soon began to 
campaign for the conservative use of radiation treatments not only in medical fields but also in the variety 
of other places in which exposure had proliferated.  Muller argued that the x-ray machines that had cropped 
in industries like shoe stores, for example, did nothing but unnecessarily increase the number of mutations 
within a person's genome.  For more information about Muller, see Elof Axel Carlson, Genes, Radiation, 
and Society: The Life and Work of H.J. Muller (Ithaca, NY: Cornell University Press, 1981). 
30 The presidential address was reprinted a year later as "Our Load of Mutations," in American Journal of 
Human Genetics 2 (June 1950): 111-76. 
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the natural recombination of genes that occurred during reproduction would unearth 

several new recessive gene combinations, substantially damaging the overall health of the 

entire species.  In the years following, there was a vast proliferation of atomic weapons 

testing and with it several grave incidents that inflamed public concern, making Muller's 

argument persuasive to many scientists.31  

Combined with overpopulation, fears of decreasing human health from radiation 

magnified the anxiety that many felt about the future.  Already, the development of the 

Cold War and the prospects of massive nuclear conflict had created a nervous 

environment, and it seemed that even if society could avoid nuclear catastrophe the 

human race still faced the impending disasters of declining overall health and an 

unsustainable population. 

These fears helped generate a resurgence in eugenics.  Though eugenics had 

earned a bad reputation after the atrocities of the Nazis during World War II, many of its 

ideals could still be found in several movements during the 1950s.32  The rise of human 

genetics in particular during the decade has been seen as an extension and rebranding of 

                                                
31 In 1953, United States residents were exposed, unaware, to new atomic testing in Nevada.  Later on, in 
1955, nuclear testing in the Pacific exposed crewmembers of the Lucky Dragon and natives of the Marshall 
Islands to dangerous levels of radiation and fallout.  Popular articles in the New Yorker and warnings in 
Science aroused great fear about the growing number of nuclear tests and the increased exposure to 
radiation that they caused. John Beatty, "Genetics in the Atomic Age: The Atomic Bomb Casualty 
Commission, 1947-1956," in The Expansion of American Biology. 
32 For some histories of eugenics, and particularly its post WWII history, see Daniel Kevles, In the Name 
of Eugenics: Genetics and the Uses of Human Heredity (New York: Alfred A. Knopf, 1985); Dorothy 
Nelkin and M. Susan Lindee, The DNA Mystique: The Gene as a Cultural Icon (New York: W. H. 
Freeman & Co., 1995), 19-37; Ruth Schwartz Cowan, Heredity and Hope: The Case for Genetic Screening 
(Cambridge: Harvard University Press, 2008); Elof Axel Carlson, The Unfit: A History of a Bad Idea 
(Cold Spring Harbor: Cold Spring Harbor Laboratory Press, 2001); Diane Paul, Controlling Human 
Heredity (Amherst: Humanity Books, 1995); Carl J. Bajema, ed., Eugenics: Then and Now (Stroudsburg, 
PA: Dowden, Hutchinson and Ross, 1976); Mark H. Haller, Eugenics: Hereditarian Attitudes in American 
Thought (New Brunswick, NJ: Rutgers University Press, 1963);   
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eugenics during this period.33  Human genetics brought together the optimism for 

molecular biology and the eugenic ideals of human betterment.  Biologists such as 

Lederberg can be seen as ardent supporters of human genetics, as he established medical 

genetics programs at both Wisconsin and Stanford in the late 1950s.34  For human 

genetics supporters, molecular biology offered the possibilities of a panacea to the fears 

of overpopulation and decreasing human genome quality, without the racial and class 

baggage of previous eugenic movements.  One of the criticisms leveled at previous 

eugenics movements was that they based their policies off of insufficient knowledge of 

genetic attributes in humans.  However, the drastic advances in genetics during the 1950s 

had clarified some human genetic mechanisms.35  This gave hope to supporters that a 

greater understanding of human genetics would open the door for scientifically motivated 

and informed eugenic policies, devoid of traditional prejudices.36 

Overall, by the early 1960s a chorus of fears and visions of a dystopian future had 

arisen in the academic community.  Some geneticists had been sounding the alarm about 

the dangers of radiation.  Demographers, social scientists, and ecologists were forecasting 

fatalistic futures for the world.  On the other hand, molecular biologists often had 

                                                
33 For examples of this perspective, see Kevles, In the Name of Eugenics, chapter XIII, "The Rise of 
Human Genetics," and also Diane Paul, Controlling Human Heredity. 
34 Lilly Kay would argue that there were already eugenic ideals built into molecular biology from its 
earliest sponsors in the 1930s. 
35 The genetics of human blood types were worked out during this time.  Also, biologists became more 
aware of the connection between genes and metabolic processes as they uncovered the derivation of 
diseases such as phenylketonuria (PKU).  For more information about PKU, see Ruth Schwartz Cowan, 
Heredity and Hope. 
36 Many of these supporters came from what historians have labeled as "reform eugenics."  In the 1920s 
and 1930s, this movement had become disconnected from the mainline eugenics advocates, whom reform 
eugenicists saw as relying on irrelevant or poor genetic arguments to push their prejudicial policies.  High 
profile reform eugenicists included Julian Huxley, J.B.S Haldane, and H.J. Muller, who in the 1960s 
believed science had come far enough to reinforce proper eugenics policies. 
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optimistic visions of the future, though some were beginning to question the naivety of 

their sanguineness.  Could not molecular biology cause as much harm as good?   

One output of these fears and trepidations was a small, but select, conference held 

in London in 1962 where many of these discussion points came together.  It was during 

this time that Joshua Lederberg, one of the participants, began to think deeply about the 

future implications of biology.  And it was also at this conference that scientists began to 

envision a new application for the technique of nuclear transplantation. 

 

Not Today, But Tomorrow: Scientists Discuss the "Future of Man"  

In December 1961, one year before John Gurdon published his article declaring 

the successful development of tadpoles derived from intestinal cells, Nobel Laureate 

Joshua Lederberg received an unexpected invitation.  Gordon Wolstenholme, director of 

the Ciba Foundation in London, proposed that Lederberg participate in a conference 

concerning the biological future of man.37  Hearing from Wolstenholme was not 

necessarily a surprise, as Lederberg had been acquainted with him for some time.  

However, the sweeping topic of the prospective meeting was unexpected.  Months 

earlier, Wolstenholme had written to Lederberg asking for advice on a topic for an 

upcoming conference.38  Wolstenholme had hoped that the Ciba Foundation, which had 

been sponsoring symposium and workshops since 1949, would organize a conference, as 
                                                
37 See Joshua Lederberg to G.E.W. Wolstenholme, (Jan. 22, 1962) MS C 552 Joshua Lederberg Papers, 
Series V: Writings - Published Writings (P Files), Box 81, F#36: Biological Future of Man [Folder 1 of 2] 
(1962-1965, 1979-1992, n.d.), National Library of Medicine.  Lederberg refers to Wolstenholme's 
December 29, 1962 letter, which invited him to the conference, but the letter itself does not appear in any 
of the archival records.   
38 The change in conference topic supposedly came from Gregory Pincus, who made the suggestion to 
Wolstenholme over a drink.  My assumption here is that the change occurred after Wolstenholme solicited 
Lederberg's advice.  For more information about the Ciba Conferences in general, see F. Peter Woodford, 
The Ciba Foundation: An Analytic History 1949-1974 (Amsterdam: Elsevier, 1974).  
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he wrote, "rather outside our normal range of subjects."39  Lederberg and Wolstenholme 

discussed the possibility of a symposium focused on space biology, a topic in which 

Lederberg had recently become heavily involved.40 Up until that point, the Ciba 

Foundation had sponsored conferences on much more specific themes "to stir the 

imagination, speed the flow of information, and generally hasten the progress of work in 

medical and biological research."41  For example, previous conferences had focused on 

human endocrinology and isotopes in biochemistry.42  In 1956, Wolstenholme had tried 

to recruit Lederberg to give a paper at a symposium on drug resistance in microbes.  

Lederberg had declined to write a paper, though he and his wife did attend the 

                                                
39 G.E.W. Wolstenholme to Joshua Lederberg (August 30, 1961) Joshua Lederberg Papers, NLM 
http://profiles.nlm.nih.gov/ps/access/BBAMSG.pdf#xml=http://profiles.nlm.nih.gov/pdfhighlight?uid=BB
AMSG&query=(Wolstenholme) (accessed July 31, 2011) 
40 Lederberg had become interested in space biology when the Soviets launched Sputnick in 1957.  At first, 
his largest concern dealt with issues of contamination during space exploration.  He was worried about 
contamination of the earth from extraterrestrial organisms, and protecting the moon and other planets from 
being contaminated by organisms and radiation from earth.  Lederberg became one of the National 
Academy of Sciences' founding members of the Space Science Board, and he served on the committee for 
its entire span from 1958-1974.  As a biologist interested in space exploration, Lederberg was vital in the 
establishment of exobiology in the 1960s and often collaborated with well-known astronomer Carl Sagan.  
For a historical treatment of Lederberg's involvement in exobiology research, see Audra J. Wolfe, "Germs 
in Space: Joshua Lederberg, Exobiology, and the Public Imagination, 1958-1964," Isis 93 (June 2002): 
183-205.  For Lederberg's interpretation of his role see, "Launching a New Science: Exobiology and the 
Exploration of Space," The Joshua Lederberg Papers, Profiles in Science, National Library of Medicine, 
http://profiles.nlm.nih.gov/ps/retrieve/Narrative/BB/p-nid/32 (accessed August 15, 2011). 
41 Gordon Wolstenholme, ed., Man and his Future, A Ciba Foundation Volume (Boston: Little, Brown, 
and Company 1963): v.  Peter Medawar had given a series of Sunday night BBC radio lectures in 1959, 
which were put together and titled The Future of Man (New York: Basic Books, 1960).  Medawar's 
lectures and subsequent book are yet another example of the themes discussed in the previous section.  
Medawar touched on topics of overpopulation, deterioration of some aspects of human health (intelligence 
being a particular point), how the most recent research in genetics and molecular biology can affect human 
health, and ultimately, how new knowledge of biology can perhaps steer human evolution. 
42 See, for example, G.E.W. Wolstenholme, ed. Ciba Foundation Colloquia on Endocrinology 
(Philadelphia: The Blakiston Company, 1952); Ciba Foundation Conference on Isotopes in Biochemistry 
(Philadelphia: The Blakiston Company, 1951). 
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conference.43  In comparison to these earlier meetings, a conference on the future of the 

human race seemed significantly outside the scope of the foundation. 

Though the "Biological Future of Man" theme differed significantly from a 

conference on space biology, Lederberg was interested nonetheless.  "The idea for your 

Symposium on Biological Future of Man is a very intriguing one, and I would be honored 

and challenged to attempt to make some contribution to it," replied Lederberg.44  

Wolstenholme suggested that Lederberg could present on the future of humans in space, 

giving Lederberg at least some opportunity to take advantage of the brainstorming they 

had done earlier on the potential topic.  Lederberg, still interested, declined to speak on 

that subject, believing that he was not particularly prepared to connect space research to 

the larger topic of the biological future of man. 

Instead, Lederberg suggested that he could prepare a paper on eugenics.  "I 

believe the time is right for a restatement of the eugenic problem," Lederberg wrote.  He 

continued: "Medawar's book 'The Future of Man' and the critical discussions that have 

followed its appearance give some idea of the reawakening of interest in a 'new 

eugenics.'"45  Certainly Lederberg's interests in eugenics had also been piqued, or 

reawakened, around this time, as discussions about the subject had begun to resurface in 

the late 1950s.  Wolstenholme's invitation had also coincidentally arrived soon after 

                                                
43 Joshua Lederberg to G.E.W. Wolstenholme (October 26, 1956), Joshua Lederberg Papers, NLM 
http://profiles.nlm.nih.gov/ps/access/BBGMYR.pdf#xml=http://profiles.nlm.nih.gov/pdfhighlight?uid=BB
GMYR&query=(Wolstenholme) (accessed July 31, 2011) 
44 Joshua Lederberg to G.E.W. Wolstenholme, (Jan. 22, 1962),  
45 Joshua Lederberg to G.E.W. Wolstenholme (January 22, 1962) MS C 552 Joshua Lederberg Papers, 
1904-2008, Series V: Writings - Published Writings (P Files), Box 81, F#36: 102(Background files) 
Biological Future of Man [Folder 1 of 2] (1962-1965, 1979-1992, n.d.), National Library of Medicine.   
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Lederberg had had extensive conversations with H.J. Muller on eugenics.46  Muller had 

warned Lederberg just weeks earlier that it would be problematic if scientists like 

themselves "did not take the eugenic problem seriously, and early enough."  Muller 

explained to Lederberg that "I think it is a mistake to adopt a perfectionist attitude about 

this and to wait until we can do everything in an elegant fashion just the way we want to, 

because we may never get to be able to do so unless we use cruder methods first."47  

Lederberg agreed with Muller's advice, telling Wolstenholme that "excesses of the 

geneticism of thirty or forty years ago have led to an over-reaction which is just 

beginning to subside."48  Now, Lederberg believed, productive discussions could finally 

occur on the subject.49  Just a few months prior, Lederberg had attended the Third Macy 

Conference on Genetics held at Princeton University in which Lederberg, along with 

several prominent members of the human genetics and genetics community, spoke on the 

subject of "Genetic Selection in Man."50 There, participants discussed the latest 

                                                
46 Muller to Lederberg (December 15, 1961) http://profiles.nlm.nih.gov/ps/access/BBABDH.pdf (accessed 
August 1, 2011).  In the letter, Muller thanks Lederberg for the party held at their house after an AIBS 
committee meeting.  Muller refers to their eugenic conversations and adds a few comments about a recent 
piece by von Hoerner in Science: Sebastian von Hoerner, "The Search for Signals from Other 
Civilizations," Science 134 (Dec. 8, 1961): 1839-43. 
47 Muller to Lederberg (December 15, 1961) http://profiles.nlm.nih.gov/ps/access/BBABDH.pdf (accessed 
August 1, 2011). 
48 Joshua Lederberg to G.E.W. Wolstenholme (January 22, 1962)  
49 Lederberg's reference to geneticism reflects the nature vs. nurture debates that occurred before and after 
World War II.  Several historians have shown how the debate shifted decidedly in favor of nurture after 
revelations about Nazi war crimes, which were predicated on the primacy of nature-based assumptions.  
Geneticism refers to an earlier, and inaccurate, belief in the total importance of the genome in explaining 
human existence.  By the 1960s, however, many molecular biologists and geneticists saw the earlier 
eugenic ideals that were based on genetic data as wholly ignorant of the way in which human genetics 
worked.  Thus, armed with new knowledge, Lederberg believed that biology could again inform social 
policy.  For a history of the nature/nurture debate, see Hamilton Cravens, The Triumph of Evolution: 
American Scientists and the Heredity-Environment Controversy, 1900-1941 (Philadelphia: University of 
Pennsylvania Press, 1978); Carl Degler, In Search of Human Nature (New York: Oxford University Press, 
1991)  
50 See William J. Schull, Genetic Selection in Man: Third Macy Conference on Genetics (Ann Arbor: 
University of Michigan Press, 1963).  Among the participants were human genetics pioneer James Neel as 
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understanding of genetics and evolution and shed new light on the direction, or lack 

thereof, of human evolution.  In his response to Wolstenholme, Lederberg hinted at the 

view he would articulate at the Ciba conference later that year: 

My own views on the subject differ somewhat from those of my colleagues – they 
are based to a large extent in my intuitive confidence in the rapid advance of the 
technology of genetic control.  We should have some concern for the dysgenic 
evolution of the human species in the longer term.  However, I am more 
concerned that we will wake up one morning very soon and discover that we have 
a powerful technique in our grasp long before we have faced the issues of the 
objectives to which it should be directed.51 
 

Ten months later, Wolstenholme and the Ciba Foundation hosted the Man and His Future 

conference in London.  There Lederberg found a perfect audience for the ideas he 

expressed in his response to Wolstenholme.  The conference attracted many other 

distinguished scientists.52  All told, twenty-seven prestigious intellectuals travelled from 

around the world to participate in the Ciba Foundation's conference, which also 

inaugurated the foundation's new conference room at its house in Portland Place, London.  

Over the five-day conference, six sections took place with one to three speakers in each, 

all of which were followed by healthy discussions by most attendees.  The topics 

included the expanding world population, declining world resources, subsequent effects 

on social foundations, health and disease, genetics and eugenics, and the future of the 

                                                                                                                                            
well as geneticists Curt Stern, James F. Crow and Bentley Glass.  Dorothy Nelkin and M. Susan Lindee 
write about this conference in The DNA Mystique.  For them, the Third Macy Conference illustrates the 
eugenic ideals embedded in human genetics.  Most historians who have written about human genetics agree 
with the connection, depicting human genetics, along with sociobiology in the 1970s, as the successors of 
earlier eugenic movements.  For examples see Daniel Kevles, In the Name of Eugenics and Diane Paul, 
Controlling Human Heredity: 1865 to the Present (New York: Humanity Books, 1995). 
51 Joshua Lederberg to G.E.W. Wolstenholme (January 22, 1962)  
52 The proceedings, published in 1963, were entitled Man and His Future, rather than "The Future of 
Man," because Peter Medawar had recently published a book under that same name (Medawar, The Future 
of Man, 1960).  The conference itself occurred in late November, 1962. 
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mind.53  Wolstenholme introduced the conference, saying, "The world was unprepared 

socially, politically and ethically for the advent of nuclear power."54  With that in mind, 

he echoed Lederberg's earlier sentiments, reminding the participants that "biological 

research is in a ferment, creating and promising methods of interference with 'natural 

processes' which could destroy or could transform nearly every aspect of human life 

which we value."55  Like Lederberg, Wolstenholme "urgently" pleaded that "it is 

necessary for men and women of every race and colour and creed…to consider the 

present and imminent possibilities."56 

 Julian Huxley had the honor of being the first presenter, setting the conference's 

stage with his paper "The Future of Man – Evolutionary Aspects."  In it, Huxley aimed to 

explicate the different types of evolutionary patterns at work on humans, arguing that 

they had to think beyond the biological to consider what he called "the psychosocial or 

cultural evolution."57  Now that human genetics research had clarified many important 

issues in the human genome, Huxley pleaded with his audience that humans must take an 

active role in directing all the different aspects of evolution, not just the biological 

aspects, or else extreme consequences could occur.  Huxley was more specific than 

Wolstenholme about the problems facing the world, saying, "If we fail to control our 

economic system, we over-exploit our resources.  If we fail to control our atomic war, we 

destroy civilization.  If we fail to control our population, we destroy our habitat and our 

                                                
53 Gordon Wolstenholme, ed., Man and his Future, A Ciba Foundation Volume (Boston: Little, Brown, 
and Company, 1963) 
54 Wolstenholme, ed., Man and his Future, A Ciba Foundation Volume: v. 
55 Wolstenholme, ed., Man and his Future, A Ciba Foundation Volume: v. 
56 Wolstenholme, ed., Man and his Future, A Ciba Foundation Volume: v. 
57 Julian Huxley, "The Future of Man – Evolutionary Aspects," in Wolstenholme, ed. Man and His Future, 
20.  
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culture."58  For Huxley, the answer to these problems lay in the new knowledge of 

science, and in particular, the new consciousness of the evolutionary processes that were 

at work.  Armed with this knowledge, Huxley advised that "we need a new global 

evolutionary policy, to which we shall have to adjust our economic and social and 

national policies."59  In the papers that followed Huxley's, many of the authors outlined 

aspects of these larger problems and offered solutions, both specific and global.  

Haldane's paper, concluding the conference, was where he brought together ideas 

about future biological revolutions and eugenics, alluding to nuclear transplantation 

technologies in the process.  Near the end of the essay, when he discussed how humans 

might improve their species, Haldane reflected, "The first step will be the production of a 

clone from a single fertilized egg, as in Brave New World.  But this would be of a little 

social value.  The production of a clone from cells of persons of attested ability would be 

a very different matter, and might raise the possibilities of human achievement 

dramatically."60  The important aspect here is that Haldane specifically envisioned the 

cloning of adult humans from their somatic cells, a process that to that point had derived 

only from the work of nuclear transplantation.  Though Haldane cites Brave New World, 

Aldous Huxley had imagined a world in which clones came from the budding of a single 

embryo, a massive magnification of the natural process that produces identical twins.  A 

dystopian novel, Huxley's book depicted a future in which easily imaginable reproductive 

technologies are used to socially engineer a rigidly caste-based society.  Huxley's book 

                                                
58 Huxley, "The Future of Man – Evolutionary Aspects," 20. 
59 Huxley, "The Future of Man – Evolutionary Aspects," 20. 
60 J.B.S. Haldane, "Biological Possibilities in the Next Ten Thousand Years," in Gordon Wolstenholme, 
ed., Man and his Future, A Ciba Foundation Volume (Boston: Little, Brown, and Company 1963): 352 
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had earned a wide readership by the 1960s and was often pointed to as a warning against 

the unimpeded progress of science.61 

Haldane had actually been the originator of cloning-like concepts in general, 

nearly forty years earlier.  In his 1924 essay Daedalus: or Science and the Future, 

Haldane laid out a picture of the future that became foundational for the creation of 

science fiction as a genre.62  Among a number of other fantastical ideas, Haldane put 

forward the idea of ectogenesis, or the development of embryos outside the uterus.63 As 

historian Mark Adams has shown, the 1962 presentation, which was one of Haldane's last 

major essays, "reprises his earlier credo, this time in the context of the atomic age and the 

space age."64  That credo, which was characterized by a religious zeal in the belief of 

science, and particularly biology, was first articulated in Daedalus nearly forty years 

earlier and was an active theme in Haldane's writings before World War II.65  Six years 

after the publication of Daedalus, Aldous Huxley imagined ectogenesis as a root for a 

dystopian society in Brave New World, rather than a future cure for social and biological 

ills.66 

                                                
61 In 1958, Aldous Huxley published the non-fictional book entitled Brave New World Revisited, in which 
he declared that many of his prognostications were coming true and at a much faster pace than he had 
originally anticipated.  Revisited also reflected the fears of overpopulation that were prominent in the 
1950s, but Huxley spent more time discussing the impact of drugs and mind control in the book than he did 
reproductive technologies.  Aldous Huxley, Brave New World Revisited (New York: Harper and Row, 
1958). 
62 Mark Adams, "Last Judgment: The Visionary Biology of J.B.S. Haldane," Journal of the History of 
Biology, 33 (Winter 2000): 485. 
63 J.B.S. Haldane, Daedalus, or Science and the Future: A Paper Read to the Heretics, Cambridge on 
February 4th, 1923 (London: Kegan Paul, Trench, Trubner & Co., 1924) 
64 Adams, "Last Judgment" 486. 
65 Adams, "Last Judgment" 486. 
66 Aldous Huxley, Brave New World (New York: Harper & Bros., 1932): 7.  In Huxley's novel, social 
stability was really the product of extreme social and biological engineering. 
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In both Brave New World and Daedalus, however, the cloning imagined was very 

different than what Haldane pointed towards (perhaps unknowingly) in 1962.  As with 

Haldane in Daedalus, Huxley's 1932 vision concentrated on a population of humans 

derived from a single, or relatively few, embryos.  These embryos generally had the same 

parents, creating broad monocultures of humans, which resulted in greater social 

control.67  In the 1920s and 1930s, this was the only type of cloning which Haldane or 

Huxley conceived of, though neither one used the term "cloning" to describe it at the 

time.68  In the post-war world, however, Haldane's vision had changed slightly, reflecting 

recent advances and directions in science.  In particular, Haldane's 1962 essay evoked a 

new concept in which clones could be created from adults who contained the valuable 

traits, copying them directly rather than relying on the messy process of reproduction.  

What had become clear in the intervening thirty-five years was that genetics was more 

complicated than anticipated.  Genetic recombination during fertilization was 

unpredictable, and, moreover, the influence of the environment was significant and hard 

to understand.  For Haldane, an easier solution would be to copy the desired individual 

exactly.  Haldane did not explicitly mention the techniques of nuclear transplantation, and 

it is unknown whether he knew about them at all; however, others at the conference were 

                                                
67 For Haldane, this had dramatic positive results; for Huxley, extremely negative ones. 
68 The word 'cloning' has its own history, tracing its origin to botany.  Through the twentieth century, 
cloning would be also become used in microbial work, as unicellular organisms would often bud off from 
each other, drawing similarities to the way in which plants could procreate and survive.  In the late 1950s, 
the word clone also became used in immunological discussions of acquired immunity.  Briggs, King, and 
Gurdon would also occasionally refer to the outcome of their experiments as clones, particularly in the 
context of serial nuclear transplantations.  Haldane's use of the word clone in conjunction with the concept 
in 1962 speaks to the way in which it had become more used in biology in general by that time. For a 
lengthy discussion and history of the meaning of the word 'clone', see Ursula Mittwoch, "'Clone': The 
History of a Euphonious Scientific Term," Medical History 46 (2002): 381-402. 
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very familiar with the work of Briggs and King.69  Joshua Lederberg, in particular, was 

especially well-versed in nuclear transplantation work, having close relationships with 

both Robert Briggs and Jack Schultz.70   

Lederberg presented his paper right before Haldane, and in it he outlined new 

terminology and his preliminary ideas for applying future biological work to humans.71  

Lederberg discussed the possibilities for what he called "euphenics."  He created the term 

to refocus eugenics from an emphasis on the underlying genotype of an organism to 

prioritizing the phenotype, while still retaining the larger goals of human betterment.  

Thus, Lederberg opened up the conversation to include organ transplants and prosthetics, 

as well as new possibilities for selective targeting of genes known to have particular 

phenotypic consequences.  At the time, Lederberg had just begun to imagine what the 

near future held for biological research.  His essay began with a description of molecular 

biology's advances, stating boldly that "now we can define man."72  Lederberg meant that 

                                                
69 In "'Clone': The History of a Euphonious Scientific Term," Mittwoch argues that one should not assume 
that Haldane was referring to nuclear transplantation since there was no mention of the technique in his 
paper.  Mittwoch specifically takes Gina Kolata to task for doing this in her 1998 popular account Clone: 
The Road to Dolly and the Path Ahead (London: Penguin Press, 1998).  I agree with Mittwoch's argument 
in that one should not assume that Haldane had any knowledge of nuclear transplantation techniques.  
However, unlike Mittwoch, I see the importance of Haldane's paper in its effect on Lederberg, who also 
attended the conference and whom we know had intimate knowledge of nuclear transplantation techniques. 
70 Lederberg and Schultz had kept up a correspondence in the 1950s, discussing genetics and cancer in 
particular. They also served on NAS panels together.  Briggs and Lederberg also corresponded and Briggs 
even stayed with the Lederbergs in 1956 when Briggs was visiting Wisconsin.  In these letters, Lederberg 
specifically makes reference to their nuclear transplantation work. 
71 Lederberg presented his paper, "Biological Future of Man," in the eugenics and genetics section, which 
also featured a paper by H.J. Muller.  Muller's paper echoed his germinal choice plan, which he had put 
forward publicly the previous year and for which he had been campaigning vigorously since then. Muller's 
plan relied on couples choosing frozen sperm from individual donors deemed to have high levels of a 
variety of characteristics.  Therefore, it not only drew on cutting-edge reproductive technologies (e.g., 
artificial insemination and cryogenics), but also relied on men becoming comfortable with not being 
biologically related to their children.  H.J. Muller, "Human Evolution by Voluntary Choice of Germ 
Plasm," Science 134 (1961): 643-649.  Not surprisingly, the paper elicited a variety of positive and negative 
responses, some of which were published as letters to the editor in December. "Letters: Voluntary Choice 
of Germ Plasm," Science 134 (1961): 1910-1917. 
72 Joshua Lederberg, "Biological Future of Man," in Wolstenholme, ed., Man and His Future: 263. 
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by analyzing the "information" stored in the human genome it could finally be known 

what truly makes someone human, rather than relying on a philosophical or theological 

definition.73  "The recent advances in molecular biology strengthen our eugenic means," 

Lederberg noted, reiterating his earlier response to Wolstenholme about opportunity for 

reinitiating eugenic discussions.  However, Lederberg thought that "the technology of 

human genetics is pitifully clumsy, even by the standards of practical agriculture."  

Instead, Lederberg believed, they should "learn how to manipulate chromosome ploidy, 

homozygosis, gametic selection, full diagnosis of heterozygotes, to accomplish in one or 

two generations of eugenic practice what would now take ten or one hundred."74 

Lederberg believed that the radical advances in molecular biology offered a new 

timescale for genetic modification.  Even in Muller's ambitious germinal choice plan, the 

outcomes would not truly be felt for several generations.  Lederberg, however, saw new 

tools in molecular biology that could significantly decrease that time.  Molecular biology 

and human genetics had helped uncover the "engineering design" of humans, which 

could be used to help improve human existence immediately.75  The key was to apply the 

knowledge of molecular biology to development, Lederberg stated.  The crucial aspects 

of cellular differentiation, Lederberg claimed, "are now suddenly accessible to 

experimental analysis." Lederberg excitedly predicted that "embryology is very much in 

the situation of atomic physics in 1900; having had an honourable and successful 

                                                
73 Lederberg used scare quotes around the word "information." (p. 264).  Lederberg, in fact, would become 
an enthusiast about integrating computer science language and concepts into molecular biology. 
74 Joshua Lederberg, "Biological Future of Man," 265. 
75 The rhetoric of DNA as engineering plans and defining humans as physical machines which can be 
tinkered and altered harkens back to the engineering ideal in biology that Philip Pauly articulates in 
Controlling Life: Jacques Loeb and the Engineering Ideal in Biology (New York: Oxford University 
Press, 1987). 
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tradition it is about to begin!"76  In the rest of the essay, Lederberg details some ways in 

which his concept could be applied.   

In the discussion following Haldane's essay, Lederberg made clear his feelings 

about just how soon the modification of man could occur. 

I would like to point out a blind spot in most of our utopian thinking about 
the modification of man.  We seem to prefer to put off the problem by talking in 
terms of the next ten thousand years, which is the kind of time-scale in which 
genetic modification could just begin to be plausible.  On a very much shorter 
time-scale, we are going to modify man experimentally through physiological and 
embryological alterations…I would like to stress that these are not long-term 
problems, they are upon us now, and we cannot afford to wait indefinitely for the 
kind of philosophy on which we can base our solutions.77 

 
Lederberg insisted that there needed to be conversations occurring now about the ethical 

issues surrounding biological modification of humans.  Though some of the possibilities 

for genetic changes seemed far-fetched, Lederberg was confident that the pace of 

molecular biology would produce groundbreaking technologies and insights.  Moreover, 

they were not in the distant future, as Haldane made them out to be, but rather a distinct 

possibility in the near term.  These revolutions could create problems in society, 

Lederberg realized.  Hence, Lederberg pointed out the need for a broader discussion 

about what might be around the corner in the next ten years, hoping to avoid some of the 

ethical issues before they became problems.  "Whatever the value of this ethical 

discussion," Lederberg commented, "we can hardly take it on ourselves to decide these 

issues for the rest of the world.  I do believe…that it is extremely important that the rest 

of the world should have the opportunity to discuss them."78  Years later, Lederberg's 

                                                
76 Joshua Lederberg, "Biological Future of Man," 266. 
77 "Ethical Considerations," 362-363. 
78 "Ethical Considerations," in Gordon Wolstenholme, ed., Man and his Future, A Ciba Foundation 
Volume (Boston: Little, Brown, and Company 1963): 374. 



 

 208 

desire to publicize this issue would increase substantially, resulting in him advocating for 

further discussion about new biotechnologies in more public forums. 

 Immediately after the conference, Lederberg confided in his long-time friend John 

Edman about his fears and beliefs about the oncoming biological revolution, expressing 

the above ideas in even more explicit terms.79  Lederberg lamented that the "whole 

symposium was probably a frivolous whim, as was my original acceptance."  However, 

he admitted that "I had not hitherto been thinking very much about the technological 

crisis in biology and accordingly had no thought how ill prepared we were."80  "The 

crisis," Lederberg realized, "is not only a political one, but not unrelatedly, a 

philosophical one."  "Brave New World comes close enough to the mark," Lederberg 

added, but "the point is the imminent realization, in respect of many details, that man is a 

machine not only as a metaphysical abstraction but as an engineering program.  

Possessed of this kind of power, it is more important than ever that we have a clearer idea 

what man is for, and even before that what man is."81  Though he remarked in his 

presentation about the need to have broader discussion about the approaching increase of 

the control over life, Lederberg had become even more convinced of this need after the 

conference.  Lederberg began to be as motivated by a fear of what biology could create as 

he was by his optimism for its future, and he found particular inspiration in the work of 

Aldous Huxley. 

                                                
79 Edman was one of Lederberg's closest friends from high school, who went on to complete his PhD in 
English, spending the rest of his career (after military service) as a professor at the University of 
Bridgeport.  He died relatively young in 1976. 
80 Joshua Lederberg to Jack Edman (Dec. 24, 1962), Joshua Lederberg Papers, NLM, Series V: Writings - 
Published Writings (P Files), F#36 – 102 (Background files) Biological Future of Man [Folder 1 of 2] 
(1962-1965, 1979-1992, n.d.).  
81 Joshua Lederberg to Jack Edman (Dec. 24, 1962), Joshua Lederberg Papers, NLM, Series V, F#36.  
Emphasis in original.   
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 The desire to understand how to deal with the impending crisis led Lederberg to 

write to Aldous Huxley directly in January 1963.82  For a man known to be immodest, 

Lederberg's letter to Huxley displayed a reverence towards someone whom, as Lederberg 

admitted at the end of his letter, he had admired his whole life.83  Again, Lederberg 

confessed that up until the recent conference he had never thought much about the future 

effects of biological research, but now "found myself more deeply frightened by the 

immediacy of developments in human biology than I could have thought possible." In 

trying to understand how others had viewed the topic, Lederberg said that "it was 

impossible to budge in this field without bumping into Huxley, Julian, Aldous, or T.H.'s 

shade – on the whole, I found Aldous's biology the most persuasive."84  In fact, 

Lederberg admitted to Huxley that the idea of euphenics came directly from Brave New 

World, adding, "I hope you will recognize and accept the acknowledgements that are 

implicit in it."85 

 Though he received the letter only months before he passed away, Huxley 

responded.  He thanked Lederberg for his fascinating Ciba conference paper that 

Lederberg had attached and expressed similar worries about the future.  "Let's hope that 

the gentlemen who control our destiny will allow us to have a future – not just a nuclear 

rotisserie or a long-drawn demographic chaos," Huxley wrote, expressing fears about 

                                                
82 Huxley would die later in November 1963.  Lederberg and Huxley would exchange several more letters 
in the coming months. 
83 Joshua Lederberg to Aldous Huxley (January 23, 1963), Joshua Lederberg Papers, NLM Series III: 
Correspondence, CC, Folder: 201 – Correspondence, CD, Aldous Huxley 
84 Joshua Lederberg to Aldous Huxley (January 23, 1963)  
85 Joshua Lederberg to Aldous Huxley (January 23, 1963)  
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overpopulation and nuclear war similar to those of the scientists attending the Ciba 

Conference.86 

 As 1963 wore on, many of the ideas expressed during the Ciba conference, and in 

particular Lederberg's ideas concerning euphenics, began to be discussed more and more 

in scientific circles.  Lederberg contributed to this trend himself by publishing a paper in 

Nature based on his Ciba conference essay.87 Though the longer form of his paper was to 

be published in the conference proceedings later on that year, Lederberg desired to get his 

ideas more circulation.  As he had shown since the Ciba conference, Lederberg believed 

that the conversation about forthcoming biological possibilities and their effects on 

society needed to occur in a more public setting, allowing more people to participate. 

 Not surprisingly, Lederberg's ideas quickly became familiar and often popular to 

scientists interested in similar problems.  Discussions of Lederberg's work in the years 

immediately following the Ciba conference took place almost exclusively in forums 

similar to the Man and His Future conference: that is, dominated by scientists talking to 

other scientists.  In these discussions, Haldane's suggestion of cloning from adult cells 

and Lederberg's discussion of euphenics became more intertwined. 

 

It Could be Done!: A New Application for Nuclear Transplantation  

 In April 1963, a symposium in the vein of the November 1962 Ciba conference 

was held at Ohio Wesleyan University.  Organized by T.M. Sonneborn, the symposium 

                                                
86 Aldous Huxley to Joshua Lederberg (February 3, 1963) 
87 Joshua Lederberg, "Molecular Biology, Eugenics and Euphenics," Nature 198, no. 4879 (May 4, 1963): 
428-429. 
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was entitled The Control of Human Heredity and Evolution.88  As with the conference 

Wolstenholme had planned, Sonneborn invited only a limited number of participants.  

Five people presented papers, and only five more acted as additional discussants.  

Besides Sonneborn, attendees included Salvador Luria, Edward Tatum, Guido 

Pontecorvo, Kimball Atwood, Roland Hotchkiss, George Klein, Waclaw Szybalski, 

Robert DeMars, and H.J. Muller.  At the time, Tatum and Muller were Nobel Laureates, 

and Luria would soon join their ranks in 1969.  The rest were well-known scientists in 

their own right. 

 Sonneborn's meeting displayed much of the same language and themes present in 

London five months prior.  In his presentation, Pontecorvo, an Italian-born geneticist 

working at the University of Glasgow, echoed biologists' fears of repeating physicists' 

mistakes, saying, "Biologists, and in general all scientists, today have learned from the 

experience of nuclear energy and are conscious that it is their duty to inform society of 

the implications of the advances in their own fields."89  Unlike Lederberg, who advocated 

a more public discussion, Pontecorvo declared that biologists needed to have rational 

discussions about the implications of new molecular biology and genetic techniques.  

Though in the broad scope of the science these were only small steps, Pontecorvo warned 

that if society did not anticipate the implications of new biological research and have 

democratic ethical discussions concerning their use then they faced the possibility of 

dystopian futures that resembled Aldous Huxley's Brave New World.  The conference 

marked a continuation of a series of symposiums that occurred during the early to mid-
                                                
88 The conference proceedings were published as an edited volume in 1965.  T.M. Sonneborn, ed. The 
Control of Human Heredity and Evolution (New York: MacMillan Company, 1965). 
89 G. Pontecorvo, "Prospects for Genetic Analysis in Man," in T.M. Sonneborn, ed. The Control of Human 
Heredity and Evolution (New York: MacMillan Company, 1965): 83 
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1960s in which biologists had begun to discuss the ethical implications of their 

research.90 

 The conference was divided into three parts.  The first two parts concentrated on 

the latest biochemical, genetic, and molecular biology research.  Luria and Tatum 

highlighted the most recent discoveries about genes, and more importantly, how 

biologists were gaining new tools to work with them.  After discussing the latest 

advances obtained from using bacteriophage, Luria suggested that viruses could 

theoretically be used to transfer genes among humans.91  In the summary, Luria 

categorized this type of work as "genetic engineering," a term that was used here for the 

first time to describe the use of molecular and biological techniques to alter a genome.92  

Tatum discussed the latest gene recombination and gene transfer research.  Though 

Tatum also indicated that these techniques could be used for human genetic intervention, 

Tatum referred to Lederberg's discussion of euphenics, suggesting that concept and term 

as the organizing principle of direct biological manipulation of the genome.93 

                                                
90 See Frazier Benya, "Researchers' Concerns About the Ethical, Legal, and Social Implications of 
Biomedical Research (1960-1971) ," presentation at ISHPSSB, July 13, 2011, Salt Lake City, Utah.  For 
examples of other conferences see the 1960 Dartmouth Convocation on Great Issues of Conscience in 
Modern Medicine, The Great Issues of Conscience in Modern Medicine: Selections from the Addresses and 
Panel Discussions (Hanover: Dartmouth Medical School, 1961). 
91 S.E. Luria, "Direct Genetic Change," in T.M. Sonneborn, ed. The Control of Human Heredity and 
Evolution (New York: MacMillan Company, 1965): 10. 
92 The Oxford English Dictionary dates the use of "genetic engineering" to a 1949 article in Science (Aug 
26, 1949: 208/2), which uses it in the context of genetic and eugenic counseling.  The OED's next reference 
point is 1968, by which the term had gained the connotation of the physical manipulation of genes for an 
expressed purpose.  In In the Name of Eugenics Daniel Kevles claims that genetic engineering was coined 
in 1965, which "rapidly came to denote a cluster of micro-manipulations of the reproductive or heredity 
process, some of which, like cloning, had little to do with genetics," 264. 
93 Edward Tatum, "Perspectives from Physiological Genetics," in T.M. Sonneborn, ed. The Control of 
Human Heredity and Evolution (New York: MacMillan Company, 1965): 22.  Tatum's invocation of 
Lederberg's concept of "euphenics" is interesting in and of itself.  Lederberg first used the term in the 
November 1962 Ciba Conference, held just five months before Tatum was speaking at the Ohio Wesleyan 
conference.  The conference proceedings were not published until June of 1963, and Lederberg's Nature 
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 After Luria and Tatum presented their papers, a discussion occurred about the 

direction and potential of molecular biology.  Atwood, a microbiologist, agreed with the 

genetic engineering potential that molecular biology and physiological genetics offered.  

To those techniques, Atwood specifically added nuclear transplantation as "a means of 

multiplying an otherwise unique individual."94  Here, Atwood specifically cited the work 

of Briggs and King, giving nuclear transplantation a new potential use well beyond those 

conceived of by Briggs and Schultz when they first conceived of the technique in early 

1943, and beyond any of the ways in which Briggs, King, Di Berardino, or the dozen of 

other nuclear transplantation experimenters had validated their work in the 1950s. 

 Though Atwood clearly had articulated a new, and previously unintended, 

application for nuclear transplantation, other participants dismissed it as unlikely.  In a 

later discussion, Klein scolded Atwood and others for making assumptions about the 

knowledge derived from nuclear transplantation work.  In particular, Klein pointed out 

that the technique had yet to show conclusively the universality of the somatic cell 

genome.  Up to that point, the discussion of nuclear transplantation's euphenic 

contributions depended on the assumption that each somatic cell contained equivalent 

DNA.  Klein's comment alluded to the controversy between the interpretations of Briggs 

and Gurdon, noting that if Briggs' assumptions proved true than nuclear transplantation's 

applications diminished.  Clearly, some of those who were trying to envision the future, 

                                                                                                                                            
paper on the subject did not appear until May 1963.  Thus, Tatum's use of the term either came from 
personal communication with Lederberg or Lederberg's ideas had circulated amongst interested parties.   
94 Kimball Atwood, "Discussion of Part I," in T.M. Sonneborn, ed. The Control of Human Heredity and 
Evolution (New York: MacMillan Company, 1965): 36. An NYU graduate, Atwood was the Chairman of 
the Microbiology department at the University of Illinois and had also previously worked at the University 
of Chicago, Oak Ridge National Laboratory, and Columbia University.  He worked mainly with 
Neurospora. 
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such as Atwood, had latched on to the interpretations of Gurdon, whose work provided 

many more potential applications than did the work of Briggs and King. 

 It is also worth noting that Klein worked in cancer biology.  He was known for his 

work in understanding how normal mammalian cells transform into tumor cells.  Klein's 

interests, then, were much closer than Atwood's to the majority of the nuclear 

transplanters in the United States, most of whom had been trained at the Institute for 

Cancer Research under Briggs and King.  As chapters one and two showed, cancer 

occupied a central objective in the development of the technique, and several nuclear 

transplanters continued to apply it in cancer research.  

 Muller, too, discussed nuclear transplantation in his paper during that conference.  

Not surprisingly, the majority of his essay concentrated again on his eugenic plan.  

However, he did briefly discuss the possibilities of genetic engineering, particularly those 

that imagined the purposeful mutation of genes and using viruses to transfer genes.  As 

for nuclear transplantation, Muller admitted that he had not heard of any attempts, even 

unsuccessful, to transplant nuclei from cultured cells (such as human cultured cells) and 

grow them to maturity.  "It seems strange," Muller concluded, "that despite all the 

discussion about learning to control the genetic constitution so few people appear to be 

concerned with such objectives.  The attainment of them would seem to be so much 

simpler than the solution of the highly recondite problems that we have previously 

discussed."95  Though Muller thought genetic engineering concepts were exciting to think 

about, he ultimately believed them to be far-fetched and technologically distant.  Nuclear 

transplantation, however, was a well-worked-out methodology that could easily be re-
                                                
95 H.J. Muller, "Human Genetic Betterment," in T.M. Sonneborn, ed. The Control of Human Heredity and 
Evolution (New York: MacMillan Company, 1965): 104 
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appropriated to match some of the goals of genetic engineering.  Muller would probably 

have been fairly up-to-date with nuclear transplantation research, considering that Briggs 

was a colleague of his at the time at Indiana University.  By the mid-1960s, researchers 

such as Gurdon had begun to apply nuclear transplantation techniques in the framework 

of molecular biology, using it to help elucidate the mechanisms of RNA and protein 

synthesis.  In general, however, nuclear transfer had lost its luster as a cutting-edge 

experimental technique, overshadowed by the new molecular methods that were being 

rapidly developed during the 1960s and 1970s.  Nuclear transplantation methods 

persisted and gradually advanced, particularly within the research groups discussed in 

chapter three, but the technique and its applications did not inspire a significant number 

of new adherents during this period. 

 The Ohio-Wesleyan conference illustrates how the optimism of scientists for 

molecular biology's future and the fear of repeating mistakes made by physicists during 

World War II had coalesced into an attempt to have ethical discussions about future 

research.  Almost concurrently with the Ciba conference, ideas for genetic engineering 

and euphenics were being visualized and shared.  However, the consequences that these 

developments might have for society were in reality only briefly discussed.  Though 

conference presenters declared that discussing the ethical implications of biotechnology 

was a top priority of the conference, it manifested itself more in imaginative discussions 

about the possibilities of biological research more than actually having ethical debates.  

At no point did anyone truly advocate for curbing the progress of biological research.  

Instead, the biologists seemed to hope that simply having discussions about what future 
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impact they might have would be enough to avoid the ethical mistakes made in atomic 

research. 

 Lederberg, however, continued to contemplate and publicize ethical implications 

of biology over the next several years.96  For example, in the spring of 1965, Lederberg 

gave a Sigma Xi lecture at the University of California-Berkeley, entitled "Human 

Inquiry into Human Evolution."  Lederberg stressed that humanity was presently in an 

era of revolutionary change, not only socially and technologically, but also in the 

biological sciences.  As he had before, Lederberg reiterated that humans were machines, 

though he admitted that the present knowledge of this machine was akin "to about the 

level of understanding that a 6-year old has that an IBM 7090 is a machine."  However, 

there was an "expectation that [the 6-year old] will grow up to understand it even without 

an instruction manual."97  Lederberg's analogy indicated that he was confident that 

biologists would soon understand the human machine well enough to tinker, appropriate, 

and influence on a scale hitherto unknown.   

  Lederberg claimed that the "modulation of the genotype" was right around the 

corner.98  Already, Lederberg stated, they were in the midst of the beginnings of this 

revolution, and he listed several insights that were dramatically altering conceptions of 

life.  That list included the demographic crisis; transplantation of organs and the evasion 

of mortality; prosthetics; embodiment in machine intelligence; modification of 

                                                
96 Lederberg surveyed other publications on this topic as well, including Theodosius Dobzhansky's 
Mankind Evolving: The Evolution of the Human Species (New Haven: Yale University Press, 1962). In this 
book, Dobzhansky makes a similar Haldane-like reference to the possibility of copying specific people 
rather than using breeding techniques such as Muller's germinal choice program, 328-330. 
97 Joshua Lederberg "Lecture notes, Sigma Xi, "Human Inquiry into Human Evolution," (May 27, 1965) 
Joshua Lederberg Papers, Series XI: Subject Files, Folder: Algeny, 1966-1968, 1977-1989 (3 of 13). 
98 Joshua Lederberg "Lecture notes, Sigma Xi, "Human Inquiry into Human Evolution," (May 27, 1965) 
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development; and clonal reproduction.99  In general, Lederberg's lecture included many 

of the points he expressed in the Ciba Conference a few years earlier, but also included 

new additions, such as cloning, a term he used explicitly, to the list of biomedical 

research that was representative of the forthcoming revolution. 

 Later that year, Lederberg received an invitation from the editor of The American 

Naturalist, Richard Lewontin, to participate in the one hundredth anniversary edition of 

the periodical.  Lewontin remarked that they wanted to celebrate the anniversary "simply 

by publishing five articles of the highest class by scientists of the highest order."100  

Lewontin left the content of the article entirely up to Lederberg, asking only for his 

participation. 

 Lederberg replied in the affirmative.  However, instead of offering his most recent 

scientific work, which he said was not worth giving to such an important issue, Lederberg 

suggested that he write a piece on the evolutionary outlook of humans – thus offering to 

write on a subject that he had been dwelling on for quite some time.101 

 The editors at The American Naturalist responded enthusiastically.  "It is just what 

we hoped for," Lewontin wrote.  "After all, you are one of the few people who has taken 

the problem of future human evolution in a really serious, scientific way rather than just 

                                                
99 Joshua Lederberg "Lecture notes, Sigma Xi, "Human Inquiry into Human Evolution," (May 27, 1965) 
100 R.C. Lewontin to Joshua Lederberg (September 29, 1965), Joshua Lederberg Papers, NLM, Series V: 
Writings - Published Writings (P Files), Folder: #46: Writings; P Files, 135(Background files) 
Experimental Genetics and Human Evolution (folder 2 of 3).  
101 Joshua Lederberg to R.C. Lewontin, (November 1, 1965) Joshua Lederberg Papers, NLM, Series V: 
Writings - Published Writings (P Files), Folder: #46: Writings; P Files, 135(Background files) 
Experimental Genetics and Human Evolution (folder 2 of 3) 
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as a field of idle speculation."102  After submitting his essay in the spring of 1966, 

Lederberg exchanged a series of editorial comments with Lewontin about the piece, with 

Lewontin noting at the end that "it really is a fine piece, as might be expected."103  The 

article, "Experimental Genetics and Human Evolution," appeared in the September 

edition of The American Naturalist.104 

 In May, before the article came out, Lederberg submitted the same essay to the 

Bulletin of Atomic Scientists, showing his desire to reach a large audience.  Lederberg 

wrote to the editor, Eugene Rabinovich, saying, "For many years I have been looking 

forward to an opportunity to use the Bulletin as a vehicle for expressing my ideas on the 

impact of new biology on man."  "The overlap in readership," Lederberg argued, "is 

surely not very large and it would not be serving the purposes of my writing if the 

audience were confined to that of the other journal [The American Naturalist]."105  The 

article was accepted and published in October, a month after it appeared in The American 

Naturalist.106   

Ultimately, Lederberg sought to expand the conversation about impending 

biological discoveries and their challenges beyond the future-of-man-type symposiums 

                                                
102 R.C. Lewontin to Lederberg (November 4, 1965) Joshua Lederberg Papers, NLM, Series V: Writings - 
Published Writings (P Files), Folder: #46: Writings; P Files, 135(Background files) Experimental Genetics 
and Human Evolution (folder 2 of 3) 
103 Lewontin to Lederberg, (March 14, 1966) Joshua Lederberg Papers, NLM, Series V: Writings - 
Published Writings (P Files), Folder: #46: Writings; P Files, 135(Background files) Experimental Genetics 
and Human Evolution (folder 2 of 3) 
104 Joshua Lederberg, "Experimental Genetics and Human Evolution," The American Naturalist, Vol. 100, 
No. 915, Special One Hundredth Anniversary Year Issue (Sept.-Oct., 1966), 519-531. 
105 Lederberg to Eugene Rabinovich, (May 19, 1966), Joshua Lederberg Papers, NLM, Series V: Writings - 
Published Writings (P Files), Folder:  #46: Writings; P Files, 135(Background files) Experimental Genetics 
and Human Evolution (folder 2 of 3). 
106 Joshua Lederberg, "Experimental Genetics and Human Evolution," Bulletin of the Atomic Scientists, 
Vol. XXII, No. 8, October 1966 
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that had been occurring.  The American Naturalist and the Bulletin of Atomic Scientists 

both had substantial readerships, mostly from scientists, but also interested laypeople.  

Lederberg hoped that the publication of his paper would help start a discussion about the 

potentials of biomedical research within a broader group, not just within an elite group of 

molecular biologists and geneticists.  Lederberg had made a comment in this vein during 

the 1962 Ciba Conference, noting that conversations about those issues needed to occur 

in many different places.  "We can hardly take it on ourselves to decide these issues for 

the rest of the world," he said, adding, "It is extremely important that the rest of the world 

should have the opportunity to discuss them."107  Similar intentions were echoed in other 

conferences such as at Ohio Wesleyan; however, none of the other participants took the 

extra step of bringing the issues outside the symposium. 

Lederberg took his campaign even further that summer when he began writing a 

weekly syndicated column for the Washington Post, named "Science and Man."  At 

around the same time he had sent his "Experimental Genetics and Human Evolution" 

article to the Bulletin, Lederberg had also sent it, along with several other articles, to the 

Editor-in-chief at the Washington Post, Russell Wiggins.  Lederberg hoped to write 

accessible articles in which the "cumulative impact of such as series [would] stimulate 

more thoughtful debate than a few shrill yelps of anguish."108  On July 24, 1966, 

Lederberg's first article in the "Science and Man" series kicked off with "The 'Heart Gap' 

Will Cause Soul-Ache," an article about the ethical dilemmas arising from the creation of 

                                                
107 "Ethical Considerations," in Gordon Wolstenholme, ed., Man and his Future, A Ciba Foundation 
Volume (Boston: Little, Brown, and Company 1963): 374. 
108 Joshua Lederberg to Russell Wiggins (May 17, 1966) 
http://profiles.nlm.nih.gov/ps/browse/ResourceResult/CORRESPONDENT/"WashingtonPost"/TYPE/Corr
espondence/CID/BB/sort/alpha-corr/p-sort/alpha (accessed August 17, 2011) 
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the artificial heart.109  At the end of the article, Lederberg demonstrated his desire to 

make discussions about ethical problems in biology more public, saying that "our column 

cannot even list all of these concerns, but the public arousal and private conscience that 

are at the root energy of democracy must start somewhere.  Should we not have begun 

yesterday to start thinking of human biology as one of the main sectors of political 

responsibility?"110  Lederberg wrote the weekly, and highly syndicated, column for five 

years, authoring over two hundred articles in the process.  His topics ranged widely, 

though he often wrote on genetics and molecular biology.  In general, Lederberg found 

the whole exercise extremely gratifying.111  Often his columns touched on sensitive 

topics, eliciting numerous responses from the readership.  This also happened in response 

to Lederberg's 1966 article in The American Naturalist and the Bulletin of Atomic 

Scientists, "Experimental Genetics and Human Evolution."  This article became 

particularly provocative because of the ideas and prognostications that he discussed. 

Lederberg described "Experimental Genetics and Human Evolution" as a 

"comprehensive statement of my most passionate concerns about the impact of science, 

which can tell you something about the social and ethical platform of my thinking."112  

Essentially, the article represented the culmination of Lederberg's thinking on the 

upcoming biological revolution and its repercussions, which had begun with the 1962 

Ciba Conference.  That symposium had provided Lederberg with an opportunity to 

                                                
109 Joshua Lederberg, "The 'Heart Gap' Will Cause Soul-Ache," The Washington Post, Sunday, July 24, 
1966, E7. 
110 Joshua Lederberg, "The 'Heart Gap' Will Cause Soul-Ache," The Washington Post, Sunday, July 24, 
1966, E7. 
111 Lederberg to Muller (November 2, 1966), http://profiles.nlm.nih.gov/ps/access/BBABDT.pdf (accessed 
August 1, 2011) 
112 Lederberg to Russell Wiggins, (May 17, 1996) 
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become familiar with the issues surrounding the implications of biotechnologies, create 

his own initial sketch of how the problems had been discussed previously, and become 

inspired by others.  In the intervening years, Lederberg continued to read and think about 

larger consequences of dramatic biological discoveries, keeping up with the related 

conferences and publications.113  Between 1962 and 1966, Lederberg's ideas evolved 

about the direction of science and its social and ethical effects, while his desire to initiate 

a larger public conversation about the directions of science intensified.114  Lederberg's 

main goal in the paper was to prove that there needed to be more discussion about the 

future of human nature.  Rational planning in the public and private spheres transpired on 

a day-to-day basis, yet people, he felt, refused to plan for and anticipate how humans may 

change in the future.  Lederberg conceded that much of this hesitation came from the 

negative consequences of past eugenics movements.  Science, particularly genetics, had 

been in its infancy during much of that time, Lederberg argued, but now molecular 

biology and modern medicine had ushered in a new era that was, whether society was 

ready for it or not, challenging long-held assumptions about what it meant to be human.   

Eugenics of the past had real drawbacks, of course.  Its most notable problem, 

Lederberg claims, was the definition of "good," obviously an unstable cultural, social, or 

                                                
113 At the beginning of the article, Lederberg claims that the issues he will address in the paper were 
already discussed in early conferences, citing the 1962 Ciba Conference (Man and His Future), the 1963 
conference sponsored by Sonneborn (Control of Human Heredity and Evolution), and an October 1964 
conference on Biological Aspects of Social Problems.  Lederberg also refers to two other texts: T. 
Dobzhansky, Mankind Evolving (New Haven: Yale University Press, 1962) and M. Harris, Cell Culture 
and Somatic Variation (New York: Holt, Rinehart and Winston, Inc., 1964) as foundational for 
understanding some of the inherent scientific and philosophical problems posed in his paper.  These two 
textbooks and the proceedings of the three conferences are the only citations in the entire essay. 
114 Lederberg to Muller (November 2, 1966).  Lederberg specifically says in this letter to Muller that since 
1961 he had "drastically changed his outlook on science."  Though he understood the value inherent in the 
process of science, and could not imagine an alternative, Lederberg lamented "but while one is caught up in 
the process of discovery, one tends to overlook that the only realities for a human being are in his 
communications with other men." 
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political construct.  Eugenics' long-standing solutions to population control relied on 

regulations on breeding, both positive and negative.  Lederberg points out that these 

solutions were obviously untenable in a pluralistic society, not only because the minority 

opinion was always squelched, but because the timescale required could not keep up with 

social and cultural changes to what was acceptable and desired. 

Since earlier eugenic discussions about the future of humanity were obviously 

flawed, Lederberg then considered some of the newest contrasting solutions that had been 

put forward.  The first, "algeny," or the biochemical alteration of the genome – what 

some were now calling genetic engineering – Lederberg dismissed as a false hope, as had 

Muller at the Ohio Wesleyan conference.  Some biologists had been touting the 

possibilities of directly changing the structure of the genome; however, Lederberg argued 

that the methods were not even close to being realized, and would not be for a long time.  

On the other hand, "euphenics," the same concept that Lederberg had touted four years 

earlier at the Ciba conference, was already a reality.  Recent biomedical advances 

allowed for direct manipulation of the physical body.  He pointed to organ 

transplantations as the most obvious example of a euphenic solution; technology now 

allowed individuals to replace a defective heart rather than relying on selective breeding 

to solve the problem in the future.  Other examples were prosthetics or insulin therapy for 

diabetes.  Lederberg wrote that some of the ethical problems coming out of euphenic 

solutions, such as those surrounding organ transplantations, had already begun to be 

discussed.115  Lederberg also imagined several additional problems that could arise from 

medical progress surrounding issues of individuality, the disruptions of normal human 
                                                
115 For a history of these discussions, see Susan E. Lederer, Flesh and Blood: Organ Transplantation and 
Blood Transfusion in Twentieth-Century America (Oxford: Oxford University Press, 2008). 
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processes such as aging, and the divisions between life and death, all of which could 

drastically change traditional society structures and needed to be discussed.  Overall, 

Lederberg's discussion of euphenics dealt with the societal implications of contemporary 

science and medicine.  The next section of his paper concentrated on the implications of 

the science that Lederberg believed was right around the corner. 

"Man is indeed on the brink of a major evolutionary perturbation," Lederberg 

contended, "but this is not algeny, but vegetative propagation."116  Lederberg pointed out 

that an algenic solution, such as using a virus to insert new genes or physically 

manipulating the genome in some way, still had all the same problems and societal 

implications that eugenics and euphenics created.  Even if you introduced new genes into 

an embryo, it would still take twenty years for the fruit of the labor to bear out.  By that 

time, the conceptions of good may have changed, and more importantly, it would take 

years to find out if the procedure even worked.  Secondly, many changes via algeny 

could be taken care of with a euphenic solution; replacing defective tissues would be 

easier than modifying the genome of every cell (unless you changed the tissues during 

development, which would lead to the previous problem).  Algeny, by itself, did not seem 

as revolutionary as some would make it out to believe. 

On the other hand, "vegetative or clonal reproduction," Lederberg claimed, 

"cannot be so readily dismissed."117  First, and foremost, clonal reproduction was not far-

fetched, but practically a foregone conclusion.  "Experimentally, we know of successful 

nuclear transplantation from diploid somatic as well as germline cells into enucleated 

                                                
116 Joshua Lederberg, "Experimental Genetics and Human Evolution" The American Naturalist, Vol. 100, 
No. 915, Special One Hundredth Anniversary Year Issue (Sep. - Oct., 1966): 526. Emphasis in original. 
117 Joshua Lederberg, "Experimental Genetics and Human Evolution," 527. 
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amphibian eggs," Lederberg declared, adding that "there is nothing to suggest any 

particular difficulty about accomplishing this in mammals or man."  Lederberg even 

made the parenthetical aside, "Or will this sentence be an anachronism before it is 

published?" to rhetorically drive home the technique's propinquity.118  Scientists, of 

course, were very familiar with clonal propagation.  Microbiologists and agriculturalists 

had been exploiting the advantages that this type of reproduction offered in their 

experimental work for decades.  Applied to humans, Lederberg contended, cloning could 

drastically change the way in which genetics was practiced.  Algeny, for instance, would 

become more tenable, as cloned copies of adult cells could be used as experimental 

models to understand the consequences of changes before they are made in toto. 

As for cloning's implications for directing human evolution, Lederberg imagined 

that it would fulfill many of the original goals of eugenics: 

Clonality outweighs algeny at a much early stage of scientific 
sophistication, primarily because it answers the technical specifications of the 
eugenicists in a way that Mendelian breeding does not.  If a superior individual 
(and presumably then genotype) is identified, why not copy it directly, rather than 
suffer all the risks of recombinational disruption, including those of sex.  The 
same solace is accorded the carrier of genetic disease: why not be sure of an exact 
copy of yourself rather than risk a homozygous segregant; or at worst copy your 
spouse and allow some degree of biological parenthood.  Parental disappointment 
in their recombinant offspring is rather more prevalent than overt disease.119 

 
To drive home the point, both in its problem-solving capability and its immediacy, 

Lederberg added, "Less grandiose is the assurance of sex-control; nuclear transplantation 

is the one method now verified."120  Additionally, Lederberg believed that cloning 

overcame the ultimate problem of eugenics, which is the imposition of social 

                                                
118 Joshua Lederberg, "Experimental Genetics and Human Evolution," 527. 
119 Joshua Lederberg, "Experimental Genetics and Human Evolution," 527. 
120 Joshua Lederberg, "Experimental Genetics and Human Evolution," 527. 
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engineering.  Cloning offered plurality, since anyone could decide who was 'good' and 

clone them, allowing for changing cultural attitudes and letting each generation decide on 

its own definitions.  Lederberg imagined that human cloning would certainly not need to 

be done throughout the whole population, therefore keeping variability alive within the 

species.  However, certain professions could benefit from sharing genomes, such as 

soldiers, astronauts and surgical teams.121 

Even if cloning did not succeed or was deemed inappropriate in humans, 

Lederberg argued, nuclear transplantation still had the possibility of radically changing 

research directions.  Chimeras between human and animal cells could be produced using 

the technique, creating opportunities to grow immuno-compatible organs for humans 

inside animals.  Somatic cells would become the tissue worth saving for future purposes, 

as scientists could derive the necessary pieces for reproduction from them at any time. 

At the end of the paper, Lederberg asked, "What are the practical aims of this 

discussion?"122  Lederberg's response reflects his consistent goals since the Ciba 

conference.  He wrote,  

It might help to redirect energies now wasted on naïve eugenics and to protect the 
community from misapplication of genetic policy.  It may sensitize students to 
recognize the significance of the fruition of the experiments like nuclear 
transplantation.  Most important, it may help to provoke more critical use of the 
lessons of history for the direction of our future.  This will need a much wider 
participation in these concerns.  It is hard enough to approach verifiable truth in 
experimental work; surely much wider criticism is needed for speculations whose 
scientific verifiability falls in inverse proportion to their human relevance.123   

 

                                                
121 Here, Lederberg is relying on the popular inference that identical twins often have unique sympathies 
toward one another, allowing them to communicate more effectively than the average person. 
122 Joshua Lederberg, "Experimental Genetics and Human Evolution," 529. 
123 Joshua Lederberg, "Experimental Genetics and Human Evolution," 529. 
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From the beginning, Lederberg had lamented the lack of public discussion about the 

direction of human health and nature.  He was shocked about how little people, including 

himself, had thought of the future applications of science and the direction of research in 

molecular biology.  After considering it in a new light, Lederberg saw Brave New World 

as more than just a dystopian fantasy, but as possible reality.  The pace of biology, in 

particular, had become so great that it threatened to overtake responsible decision-making 

about the applications and directions of research.  Lederberg believed that because of the 

potential ramifications that these discussions needed to occur in a larger forum.  

Lederberg realized that the closed doors of symposiums and conferences, even if their 

proceedings were to be published, did not offer a wide enough range of opinions; the 

participants were self-selecting, to be sure.  "Scientists are by no means the best qualified 

architects of social policy," he reminded the reader, and essentially Lederberg believed 

that "the foundations of any policy must rest on some deliberation of purpose.124 

 Due to its circulation and author, the article ultimately cemented the conflation 

between cloning and nuclear transplantation.125  However, this was by no means 

Lederberg's intended purpose.  His prophecy of nuclear transplantation giving rise to 

clonal reproduction of humans was a tool to drive home the larger points of the essay.  

Because of his familiarity with eugenics, Lederberg was very aware of the polemical 

nature of reproductive discussions.  Muller's "germinal choice" plan had garnered 

substantial press since he first began touting it in 1961.  The birth control pill had also 

been very controversial since it was first approved in the United States in 1960.  

                                                
124 Joshua Lederberg, "Experimental Genetics and Human Evolution," 529. 
125 For a discussion of the reactions to Lederberg's paper, see the following section of this chapter. 
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Reproductive rights in general were contentious.126  The topic of cloning humans allowed 

Lederberg to take an established technique, nuclear transplantation, and push the limits of 

imagining its repercussions in an attempt at provoking a larger discussion within society.  

In his own way, Lederberg was imitating Aldous Huxley's Brave New World.  

The "prophecy of vegetative reproduction," as Lederberg referred to it, was designed to 

generate a discussion, not to merely foretell the future.  By taking a seemingly harmless 

embryological technique and extrapolating it to dramatic implications for human 

existence, Lederberg intended to emphasize the point that scientists and the public needed 

to think carefully about scientific research and its directions.  By no means was 

Lederberg advocating for a deceleration of science's advance.  Rather, Lederberg was 

attempting to provoke an increase in the conversations about science's implications, thus 

creating a generation much more prepared for revolutionary discoveries than the one a 

generation before that had experienced the surprise of the atomic age. 

Lederberg had expressed this view in a brief editorial in July 1966 in The Pharos, 

entitled "The Utility of Anticipation."127  In it, Lederberg argued that there were 

significant advantages to trying to predict the future and consequences for those who do 

not.  In a warning, Lederberg said, "If we wait for the particular challenge, it will rarely 

arise as a well-defined issue on which we can quickly mobilize well informed, temperate 

judgment."  For instance, Lederberg reminded the reader, "A world that had lacked 

timely indoctrination in the capabilities of nuclear power needed a terrible demonstration 

                                                
126 See Adele Clarke, Disciplining Reproduction: Modernity, American Life Sciences, and "The Problems 
of Sex" (Berkeley: University of California Press, 1998). 
127 The Pharos is the Alpha Omega Alpha Honor Medical Society's quarterly journal. Joshua Lederberg, 
"The Utility of Anticipation," The Pharos 29 (July 1966): 89-93. 
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at Hiroshima as proof."128 Ultimately, Lederberg summed up by saying that "the utility of 

anticipation is then the time it affords for a calm appreciation and wide debate of general 

principles…we need to anticipate the future to have decided on our general approaches, 

and at least to know how to educate ourselves for responsibility."129  

Lederberg's small editorial came during the intervening period before his 

"Experimental Genetics and Human Evolution" articles in The American Naturalist and 

the Bulletin of Atomic Scientists were published.  It also coincided with the initiation of his 

newest project, the "Science and Man" columns in the Washington Post.  Though the 

editorial in The Pharos did not reach as large an audience as his other endeavors, it did 

strike at the heart of Lederberg's intentions, reinforcing the idea that Lederberg had co-

opted nuclear transplantation to serve as a provocative prognostication, rather than a 

well-thought out solution to social and medical problems.  It was, perhaps, just a well-

conceived thought experiment.  Unfortunately for Lederberg, it did not have the desired 

effect.  The "utility of anticipation" that he hoped to instill in the public instead became a 

singular debate about cloning. 

For certain, by flooding the airwaves, so to speak, in 1966 with the prophecies of 

a biological revolution, Lederberg succeeded in creating a dialogue.  His "Experimental 

Genetics and Human Evolution" articles in The American Naturalist and the Bulletin of 

Atomic Scientists elicited many replies from the readership.  For instance, The Bulletin 

published a lengthy critique by Leonard Ornstein, a cell biologist and pathologist at 
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Mount Sinai School of Medicine, and followed it with Lederberg's response.130  Many 

other periodicals, as well as textbooks and edited volumes such as Beyond Left & Right: 

Radical Thought for Our Times, asked to reprint the article.131 Reactions ranged widely, 

from excitement and acceptance to condemnation. 

At the same time, the field of bioethics had begun to take shape.132  Philosophers, 

theologians, lawyers and several choice scientists began to seriously consider the 

implications of science in a more serious way than ever before.  Historiographically, the 

field of bioethics has been seen as an outgrowth of a growing awareness of human 

experimentation and patient rights.133  However, these historians have overlooked the 

importance of the earliest conferences held by scientists on the ethical implications of 

science, such as the Ciba and Ohio-Wesleyan symposiums.  Though the scientists failed 

to have the type of bioethical debate that one eventually identified as bioethics, they still 

should be credited for raising the issues in the first place.134  Moreover, Lederberg's 

                                                
130 Leonard Ornstein, "The Population Explosion, 'Conservative Eugenics,' and Human Evolution," 
Bulletin of the Atomic Scientist June 1967: 57 – 61.  
131 For the request to translate the paper in Japanese see Hideo Kikkawa to Lederberg, (Aug. 15, 1967) 
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of Genetic Defect (1971-1974); Richard Kostelanetz, ed. Beyond Left &  Right: Radical Thought for Our 
Times (New York: William Morrow & Co., 1968). 
132 For histories of bioethics, see M.L. Tina Stevens, Bioethics in America: Origins and Cultural Politics 
(Baltimore: Johns Hopkins University Press, 2000); David J. Rothman, Strangers at the Bedside: A History 
of How Law and Bioethics Transformed Medical Decision Making (New York: Aldine de Gruyter, 2003); 
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Constructing Sources, Motives and Reason in Bioethic(s),” Culture, Medicine & Psychiatry 32 (2008): 
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a History of How Law and Bioethics Transformed Medical Decision Making. 
134 This is the core thesis in Frazier Benya's "Researchers' Concerns about the Ethical, Legal, and Social 
Implications of Biomedical Research (1960-1971), "presentation at ISHPSSB, July 13, 2011, Salt Lake 
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discussion of cloning, in particular, allowed budding bioethicists to begin to question the 

direction of basic science, not just medical treatment of humans and the ethical 

repercussions of human experimentation.  Essentially, cloning became a bioethical 

problem because Lederberg's paper coincided with a rise in of a new field interested in 

these issues. 

The attention that many of Lederberg's "Science and Man" articles garnered 

demonstrates the corresponding growth in bioethical awareness.  In particular, 

Lederberg's September 30, 1967 article, "Unpredictable Variety Still Rules Human 

Reproduction," in which he discussed the possibility of human cloning through nuclear 

transplantation as he had in the more specialized journals, inspired several people to write 

in.135 One in particular, Leon Kass, was drawn into a featured discussion with Lederberg 

over cloning, launching Kass into a new career in the process.  Kass would become a 

noted figure in bioethics over the subsequent decades, eventually heading the Bioethics 

Committee appointed by President Bush in response to the cloning fears in the 1990s and 

recent advances in stem cells. 

In many ways, Leon Kass and Lederberg came from similar places.  Both had 

completed their education quickly and eagerly, years ahead of their peers, and both 

became interested in both science and its implications.  After college, Kass studied 

biochemistry and molecular biology at Harvard under Konrad Bloch and James Watson, 

receiving his PhD in 1967.  While there, Kass became more interested in philosophy and 

ethics even as he completed his science studies.  Kass recalls that two books profoundly 

affected his views on the biological revolution when he read them in the summer of 1966, 
                                                
135 Joshua Lederberg, "Unpredictable Variety Still Rules Human Reproduction," The Washington Post, 
Saturday, September 30, 1967. 
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Huxley's Brave New World and C.S. Lewis's The Abolition of Man.  They "struck me as 

profoundly true," Kass recalled, agreeing with the dehumanization-by-science 

perspective that they both articulated.136  In the fall of 1966, the start of his last year at 

Harvard, Kass organized a student-faculty group to discuss topics related to biology and 

society.  After graduating that spring, Kass went to work in a laboratory at the National 

Institutes of Health in Bethesda, Maryland.  "Joshua Lederberg had a weekly column in 

The Washington Post," Kass recalled, and "these columns used to infuriate me."137   

Lederberg's "Unpredictable Variety Still Rules Human Reproduction" inflamed 

Kass to a point where he wrote a response to the Washington Post, whose editors 

published the letter in November 1967.  Kass had approached the Washington Post 

editors with the idea that he, along with several other NIH employees, could routinely 

write responses to Lederberg's columns, illustrating alternative scientific and ethical 

perspectives.  Howard Simmons, the editor of the "Outlook" section of newspaper, 

approved of the idea and asked for another article from Kass's group in late 1967 after 

Lederberg wrote an article proclaiming the revolutionary impact of the first heart 

transplant that Christiaan Barnard had just completed.  None of the other members of 

Kass's pledged NIH responders wanted to reply, leaving Kass alone to write a 

response.138  He did so, and the article, "A Caveat on Transplants," earned him some 

prestige and helped launch his new career in the burgeoning field of bioethics. 

Just a few months later, in early 1968, Paul Ramsey, a professor of ethics at Yale 

University, came to Georgetown University for an extended stay.  Ramsey was a noted 
                                                
136 Leon Kass, interview by Judith Swazey, Washington D.C., June 16, 2000: 20. 
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Christian ethicist, whose recent work had been on the morals of abortion.139  While at 

Georgetown, Ramsey began to give select seminars on bioethics topics.  Kass had learned 

of Ramsey's stay and requested permission to attend the seminars, which he was granted 

after Ramsey became familiar with Kass's recent Washington Post responses to 

Lederberg.  At the time, Ramsey was working on two books, one of which was 

Fabricated Man: The Ethics of Genetic Control, a monograph attacking the idea of 

cloning and genetically engineering humans.140  Ramsey, looking to make sure that he 

had accurately depicted the science, asked Kass to read a draft of one of the chapters 

from the book; it was the chapter on cloning.  Ramsey was so impressed with Kass's 

comments that he asked him to comment on all the chapters.141  The book appeared in 

1970. 

Ramsey's book became the standard in criticisms against cloning.  Albert Jonsen, 

the author of a history of bioethics, described Ramsey's chapter on cloning "as brilliant 

Ramseian prose, showing him as both ethical polemicist and profound moral thinker.  

Nobelist Lederberg…is given no quarter.  Not only his claims, but even his qualifications 

are attacked by logic, counterargument, and ridicule."142  After reading the book himself, 

Lederberg wrote to Ramsey, praising him for thoughtful thinking on the subject, even 

though he thought that Ramsey had misinterpreted and misrepresented some of his views.  

"Your critique of my world-outlook, by line-by-line analysis, is the most searching and 

                                                
139 For instance, see Paul Ramsey, War and the Christian Conscience: How Shall Modern War be 
Conducted Justly? (Durham, N.C.: Duke University Press, 1961); Deeds and Rules in Christian Ethics 
(Lanham, MD: University of America Press, 1967) 
140 Paul Ramsey, Fabricated Man: The Ethics of Genetic Control (New Haven: Yale University Press, 
1970). 
141 Leon Kass, interview by Judith Swazey, Washington D.C., June 16, 2000: 22–28. 
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insightful I have so far experienced," Lederberg wrote.  However, Lederberg had several 

problems with Ramsey's portrayal of him, which highlighted Lederberg's intentions for 

writing the article in the first place: "Do I advocate 'cloning?'  I just don't know.  I could 

not advocate it today, simply on account of the hazards of inadvertent malformations.  I 

introduced the question in the first place as a foil against the more aggressive proposals 

for genetic engineering; to say, let us think this one through first."143 

By 1973, Lederberg had become tired of the debate.  Many different people 

representing scientific, education, ethical, and political groups had asked to reprint his 

experimental genetics paper.  The cloning conversation, Lederberg realized, did not spark 

the type of debates he was hoping; instead, it just created a focus on one issue.  In a 1973 

letter in response to a French science magazine request to reprint his article, Lederberg 

lamented, "I view 'cloning' as a rather contrived issue that desrves [sic] much less public 

attention than it has already received -- especially in the light of real problems like the 

effect of malnutrition on mental development."144  Lederberg was hoping for optimistic 

conversations about many different types of near-future possibilities arising out of 

present-day research.  Instead he felt as though the debate became stifled, focusing on the 

fantastical possibilities of human cloning and the ethical wilderness that seemed to come 

with it, rather than embracing the challenges of anticipating and evaluating the larger 

biological revolution. 

                                                
143 Lederberg to Paul Ramsey, August 17, 1970. 
144 Mary Brigitte Maurissen to Lederberg, April 19, 1973 and Lederberg to Maurissen, April 26, 1973. 
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During the 1970s, when Lederberg declined to write any further about the topic, 

scientists and those working in bioethics also became less interested in cloning.145  

Popular culture, however, continued to embrace it.  Time, Newsweek, The New York Post, 

Playboy, and The Nation, amongst others, had all run major articles in the late 1960s on 

aspects of genetic engineering and cloning, feeding off of the provocative essays by 

Lederberg, Kass, Ramsey and others.  There was a lull in publishing after Ramsey's 

landmark critique, but cloning continued to be a topic of conversation in less academic 

circles as several novels appeared that utilized cloning as a the driving force for the 

narratives.146  In 1978, cloning again entered the news after science journalist David 

Rorvik published the book In His Image: The Cloning of a Man, in which he claimed to 

have seen the cloning, and the clone itself, of a wealthy businessman who had hired 

Rorvik to record the events.  The book garnered attention because Rorvik claimed it was 

true, and it reignited the bioethical debates over cloning that had occurred the decade 

before.  Rorvik's book received massive attention in the press.  The issue became so 

momentous that the United States Congress held a hearing on the possibility of cloning 

humans, bringing in noted nuclear transplantation specialists Marie Di Berardino and 

Robert McKinnell (both of whom had worked and trained with Robert Briggs and 

Thomas King) to testify.  All around, scientists emphatically declared the book to be a 

hoax, which it was proved to be several years later.  However, it had succeeded in 

bringing significant publicity to nuclear transplantation as a vehicle for human cloning. 

                                                
145 The number of articles by bioethicists and scientists decreased significantly from its height in the late-
1960s.  
146 Ira Levin, The Boys from Brazil: A Novel (New York: Random House, 1976) is perhaps the most 
famous of the books from this time relying on cloning as a plot device. 
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Conclusion 

 If wide dissemination was his goal, Lederberg certainly succeeded in bringing 

discussions about biology's near-term future possibilities to a broader audience.  Many of 

the ideas, including those of reproducing humans through nuclear transplantation, 

originally had been propagated behind closed doors, in symposiums and conferences that 

attracted a self-selecting audience.  Held starting in the early 1960s, the conferences 

themselves were outputs derived out of larger issues that had matured in the late 1950s.  

The atomic age had ushered in many different fears ranging from alarm over the potential 

deleterious effects of radiation on human health to consternation over the direction of 

science.  Biology, in particular, during the 1950s looked as though it was on the brink of 

a significant revolution, as the discovery of DNA's structure in 1953 stimulated the rapid 

rise of a new field, molecular biology.  Moreover, fears of overpopulation coupled with 

the fear of radiation and the optimism for what molecular biology and genetics could 

accomplish provided new life for eugenic ideas.   

Lederberg was found at the center of where these contexts were coming together.  

As a young Nobel Laureate replete with optimism for the promise that basic science 

could provide to medicine, Lederberg felt obligated to direct conversations about the 

future of biology beyond the small spheres of invited conferences.  Lederberg's fear of a 

future in which the world was unprepared for a variety of contingencies or scenarios 

drove him to assertively, and perhaps polemically, place these possibilities in front of a 

broader audience.  He hoped to stimulate a pragmatic dialogue in the democratic tradition 

that would produce solutions ahead of time to a variety of problems that seemed both far-
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fetched and inevitable.  In doing so, Lederberg cemented a new application to the goals 

of nuclear transplantation that had previously been nonexistent, ultimately leading to a 

legacy of nuclear transplantation becoming synonymous with human cloning.  
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Conclusion 
 
 

 The history of nuclear transplantation did not stop after the 1970s.  Eventually, 

nuclear transfer research led to the creation of Dolly in the mid-1990s and played a role 

in the cultural and social reactions to her birth.  However, as this dissertation shows, the 

history of nuclear transplantation holds greater significance beyond being the primary 

method used to create Dolly.  By analyzing the how the technique of nuclear transfer was 

developed, used, and later appropriated, new insights into the history of twentieth century 

biology emerge. 

 As the first two chapters illustrated, the context in which nuclear transfer was 

created played a significant role in the motivations that led to its development.  In 

particular, the problem-centered approach of LHRI clearly helped bring together differing 

perspectives about development, from both embryologists and geneticists, to help devise 

a technique that would help understand cancer.  While that was one goal, researchers also 

hoped that nuclear transplantation would help answer prevailing questions about the 

directive power of genes or the continued relevance of the cytoplasm and its constituent 

parts.  Through the understanding of the contexts in which nuclear transplantation 

developed, the controversies and conflicts in the early-to-mid twentieth century between 

embryological and genetic perspectives on the natural world become clearer, and the 

influence of cancer research on the transition between embryology and developmental 

biology becomes apparent.   

 Using the framework of technique, an analysis of how researchers employed 

nuclear transplantation in the 1950s uncovers the core problems at work in the initial 
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interpretative conflicts.  Briggs and King had become confident in their interpretations of 

nuclear transfer data, seeing the progressively lower trends in success rate as a clear sign 

of nucleic restriction during development.  Their confidence, however, did not derive 

from their theoretical convictions, but rather from their thorough analysis of nuclear 

transplantation's limits.  When John Gurdon presented his opposing hypothesis, arguing 

in favor of nuclei retaining their full capacity to reinitiate development, Briggs and King 

balked.  Their disbelief stemmed from the limited data that Gurdon argued was a true 

representation of development.  Where Gurdon saw reality, Briggs, King, and others saw 

an experimental artifact.  The ensuing argument led to a reevaluation by both parties as to 

what could fulfill the burden of proof.  In the subsequent years, Gurdon's conclusions 

became more likely as molecular biology continued to provide evidence in favor of his 

ideas; however, the matter was not truly verifiable until the decade after Dolly. 

 While the scientific controversy in the early 1960s concentrated on what the 

technique could actually say about the world, non-practitioners were devising a new 

application for nuclear transplantation that would eventually lead to a more public battle.  

Fears of atomic fallout, population problems, and ethical pitfalls similar to those 

experienced by physicists pushed other academics, particularly biologists, to imagine 

how science could affect the future – positively or negatively.  In doing so, several began 

to see nuclear transplantation as a tool for biological engineering, and in particularly as a 

way to clone human beings.  The Nobel Laureate Joshua Lederberg adopted nuclear 

transplantation's potential for human cloning as a vehicle for provoking public discussion 

about future biomedical practices and the ethical complications that would arise from 

them.  At the same time, a burgeoning group of bioethicists became increasingly aware of 
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the ethical problems created by biomedical research and clinical practice.  The public and 

sharp criticisms by early bioethicists like Leon Kass and Paul Ramsey to Lederberg's 

provocative statements about human cloning through nuclear transfer cemented the 

connection between nuclear transplantation and cloning, where none had previously 

existed.  The technique of nuclear transplantation had begun as a tool for cancer and 

developmental biology in the 1940s, but became co-opted by others who sought to use 

the rhetoric of scientific possibilities to provoke public discussion.  

 The history of nuclear transplantation, while it does highlight new connections 

and narratives in the history of biology offers more than simply a previously untold story.  

To begin with, this history, focused on contemporary context and debate rather than an 

inexorable march towards Dolly's birth, will help us reconceptualize the birth of Dolly 

and in the process move beyond that event.  A recontextualization of nuclear 

transplantation beyond Dolly may help inform current ethical debates in biomedical 

research and treatments. For instance, the technique of nuclear transplantation today is 

often used in cooperation with stem cell research, another controversial field.  Previously, 

stem cells could be harvested only from fertilized embryos that had been created through 

the fusion of egg and sperm, which, depending on one's religious, political, or scientific 

background, may constitute an ethical violation of life as the embryos are destroyed in 

the harvesting process.1  As nuclear transplantation became more sophisticated in the late 

1990s, researchers began to use nuclear transplantation techniques to create viable 

embryos by transferring nuclei from specialized cells into enucleated eggs.  The resulting 

embryo could then be harvested for stem cells, which then were used for a whole host of 

                                                
1 For the various ethical views concerning when life begins and its implications in today's scientific 
research see Jane Maienschein, Whose View of Life. 
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experimental medical applications, including regenerative and therapeutic research.  For 

some, the use of nuclear transplantation to create embryos would free stem cell research 

from the ethical dilemmas that plagued it.  However, this process, which merges stem cell 

science and nuclear transplantation, is referred to as therapeutic cloning, and like the 

latter term itself, raises ethical debates arround the stem cell technique because of its 

cultural connections to Dolly and human cloning.  Just as histories of regenerative 

medicine have tried to establish a different narrative to therapeutic cloning to provide 

new perspectives beyond human cloning, so too can the new history of nuclear transfer 

presented here begin to remove Dolly as the most relevant connection to nuclear 

transplantation – and by doing so, possibly help inform logical decision-making about 

therapeutic cloning and other relevant procedures.2    

This history of nuclear transplantation also provides insights into how to 

understand the broader dynamics between science and culture today.  Because of the pace 

of biology, prognostications about the future possibilities of biosciences can be 

overwhelming.  However, the history of nuclear transplantation shows that discussions 

about the future of science are always products of larger cultural trends.  Just as 

discussions about the future of man in the 1960s grew out of fears of overpopulation and 

genetic deterioration, so too can despondent discussions about the direction that science 

is taking today reflect political or cultural forecasts for the future.  On the other hand, 

optimistic counter-narratives about the future can often concurrently exist alongside 

pessimistic views.  Lederberg's biography provides an excellent example of this, as he 

flourished in the 1950s within the highly successful program of molecular biology, 

                                                
2 For an example, see Jane Maienschein, "Controlling Life: From Jacques Loeb to Regenerative Medicine," 
Journal of the History of Biology 42 (2009): 215-230. 
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during which pessimistic narratives about the future of the world were becoming more 

prominent.  Thus, when contemporary controversies arise out of scientific discoveries, 

this dissertation highlights the importance of understanding the cultural currents that push 

certain sciences into the forefront of public awareness.   

 Finally, this history of nuclear transplantation reinforces the idea that scientific 

controversies can arise out of both theoretical and methodological disputes.  In the 

example of nuclear transplantation in the late 1950s, theoretical commitments were 

secondary to confidence that researchers had in the methodologies they were using.  For 

historians of science, this example shows the importance of looking not only at the 

arguments of the researchers, but also at the methods that they are using.  If each side is 

relying upon the same set of techniques to prove its point, then it could mean that the 

disputes derive more from interpretations of data than from a belief in the way that the 

world works.  However, if the opposing sides use different methodologies to argue their 

point, then theoretical commitments become more prominent to the discussion. 

 As nuclear transplantation continues to have an active role in biomedical research, 

it becomes more important to understand the historical underpinnings of the technique 

itself.  This dissertation provides a starting point.  Future work could continue to use the 

technique as an analytical framework, but begin to incorporate the other techniques with 

which nuclear transplantation has become integrated within larger experiments.  Beyond 

the scientific narrative, more research could be done that analyzes the popular perception 

of cloning over time, seeing how scientific progress and works of fiction contributed to 

new perceptions of cloning and nuclear transplantation leading up to and beyond Dolly in 

the late 1990s.  Finally, the meaning of cloning itself – both denotative and connotative – 
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has been only slightly and tangentially touched upon in this dissertation, but the word 

itself is imbued with a variety of cultural, literary, and scientific meanings and would be a 

rich area for further research.    

 In this dissertation, I have sought to clarify the historical scientific contributions 

to nuclear transplantation and the ways in which the science in the 1960s became 

inalterably connected to the idea of human cloning. From here, it becomes more feasible 

to create a cohesive and insightful understanding about what drives cultural reactions to 

human cloning – and, ultimately, to the direction of science in general.
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