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This book is the biography partly of an iIldividual, but primarily
of a relationship. It is the story of the interaction between an
individual scientist, Barbara McClintock, known to her colleagues as a maverick and a visionary, and a science, genetics,
that has been distinguished in recent decades by extraordinary
growth and dramatic transformation. The person and the field
are contemporaries, born in the first years of this century. They
grew to first maturity in sympathy and mutual prosperity: as a
young scientist, McClintock achieved a level of recognition that
few women could then imagine. But later years took them
along distinct and divergent routes, and McClintock retreated
into obscurity. Today, after three decades of estrangement,
their paths have begun to converge, and McClintock's name has
returned to the center of current biological interest.
Barbara McClintock's involvement with genetics (and
cytology) began early enough for her to take part in, and indeed
help create, what was then a new area of study. Her accomplishments during her twenties and thirties were summarized by
her colleague Marcus Rhoades when she was chosen for the
ix
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CHAPTER 1

A Historical Overview

The science of genetics as Barbara McClintock first encountered it was a very young subject-scarcely older than herself.
Although Mendel's work had been rediscovered in 1900-two
years before her birth-the term "genetics" had not even been
coined until 1905, and "gene" was not a recognized word until
1909. Even then it was a word without a clear definition, and
certainly without a material reality inside the organism on
which it could be hung. At best it was an abstraction invoked
to make sense of the rules by which inherited traits are transmitted from one generation to another. The suggestion that
Mendelian "factors," or genes, are related to the chromosomal
structures inside the cell, which cytologists studied, had been
brilliantly argued by an American graduate student, Walter
Sutton, in 1902, and independently by the German zoologist
Theodor Boveri. But at that time it was an argument without
direct empirical confirmation.
In the years before McClintock's arrival at Cornell in 1919,
this connection began to acquire enough supporting evidence
1
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to make it compelling. Most of this evidence came from the
work of a single laboratory, T. H. Morgan's "Fly Room" at Columbia University. Between 1910 and 1916, a series of
chromosomal and genetic studies on the fruit fly Drosophilaby Morgan, A. H. Sturtevant, H. J. Muller, and C. B. Bridgesproduced much of the evidence that was needed to confirm
the relation between genes and chromosomes. The science of
cytogenetics was born in this lab. Organisms with particular
visible traits (in Drosophila these are mostly differences in eye
color and wing shape) were crossed or mated, and researchers
attempted to correlate the traits of successive generations with
the inheritance of particular (X or Y) chromosomes. With
these results, geneticists could confidently postulate a physical
basis of Mendelian genetics. By 1915, the evidence was strong
enough to permit Morgan, Sturtevant, Muller, and Bridges to
publish their epoch-making book, The Mechanism of Mendelian Heredity, the first attempt to interpret all of genetics in
terms of the chromosomal theory. The years that followed were
years of heated controversy and avid promotional work on the
part ofT. H. Morgan. Even William Bateson, the early defender
of Mendelian theory, resisted so "materialist" a basis for genetics, as indeed Morgan himself had earlier done. But as the evidence continued to accumulate, it became increasingly difficult
to challenge the chromosomal interpretation. Still, most
nonuniversity biologists, especially biologists in schools of agriculture, were somewhat less enthusiastic about the new biology
than their university colleagues. To many of them, the Columbia research remained suspiciously "abstract."i Although Morgan had urged as early as 1911 that "cytology furnishes the
mechanism that the experimental evidence demands," cytological work remained a relatively low priority in agricultural research.
In 1927, when Barbara McClintock received her Ph.D. in
botany from the College of Agriculture at Cornell University,
the infectious excitement generated by the marriage between
cytology and genetics in Morgan's Fly Room at Columbia had
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not yet spread to Cornell. Probably the most important difference was that Cornell's geneticists studied corn, or maize, not
fruit flies. Under the influence of Cornell's R. A. Emerson, the
maize plant had become a powerful tool in the study of genetics. The colors of kernels on a cob of maize are a beautifully
legible, almost diagrammatic expression of genetic traits.
Whereas Drosophila offers the geneticist a new generation every ten days, maize matures slowly; the experimenter has time
to gain more than a cursory acquaintance with each plant and
to follow its development within a generation. But despite the
extensive genetic studies, almost no chromosomal analysis of
maize had yet been done. Barbara McClintock's work, begun
while she was still a graduate student, demonstrated to her
colleagues at Cornell that the genetics of maize, like that of
Drosophila, could be studied not only by breeding the organism and watching the growing progeny but also by examining
the chromosomes through the microscope. This new window
into the mysteries of genetics was to prove crucial for the future
development of genetics as a whole.
Using an important new staining technique that had just
been developed by the cytologist John Belling, she succeeded
in identifying and characterizing the individual chromosomes
of maize by their lengths, shapes, and patterns. Once this was
accomplished, she was in a position to integrate the results of
breeding experiments (genetic crosses) with the study of
chromosomes. In the years that followed, McClintock published
a series of papers that elevated maize to a status competitive
with Drosophila. At the same time, she established herself as
one of America's leading cytogeneticists. In 1931, she and her
student Harriet Creighton published a paper in the Proceedings
of the National Academy of Sciences demonstrating that the
exchange of genetic information that occurs during the production of sex cells is accompanied by an exchange of chromosomal
material. It was called"A Correlation of Cytological and Genetical Crossing-over in Zea mays." With this work, which had
been referred to as "one of the truly great experiments of mod-
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ern biology,"2 the chromosomal basis of genetics was finally,
and incontrovertibly, secured. Introducing it in his Classic Papers in Genetics, James A. Peters writes:
Now we come to an analysis that puts the final link in the chain,
for here we see correlations between cytological evidence and
genetic results that are so strong and obvious that their validity
cannot be denied. This paper has been called a landmark in3
experimental genetics. It is more than that-it is a cornerstone.

Through the 1930s, at Cornell, at California Institute of Technology, and then at the University of Missouri, McClintock continued experiments and publications that consolidated, and
complicated, the relation between cytology and genetics. She
was elected Vice President of the Genetics Society of America
in 1939, became a member of the National Academy of
Sciences in 1944, and was President of the Genetics Society in
1945.
In the year of her election to the National Academy, she
began the series of experiments that led her to transpositionwork that many now see as the most important of her career.
At the time, however, only she thought so. To most, her conclusions seemed too radical. But if 1944 was a crucial year in
McClintock's career, it proved to be a pivotal year in the history
of genetics as well-for reasons that had nothing to do with
McClintock. It was the year in which the microbiologist Oswald
T. Avery and his colleagues Colin MacLeod and Maclyn
McCarty published their paper demonstrating that DNA provides the material basis for inheritance.
McClintock had begun her career in the midst of a major
revolution in biological thought; now she was to witness a second, and equally momentous, revolution. The story of the birth
of molecular biology has been told many times by now. It is a
story of intense drama, fast action, colorful personalities, and
high stakes. By the mid-1950s, molecular biology had swept the
biological world by storm. It appeared to have solved the problem of life. It brought to biology a different world of inquiry,
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and a different model of scientific explanation. In this world of
inquiry, McClintock's work came to seem increasingly idiosyncratic and obscure.
In 1938, Max Delbriick, a physicist who had turned his attention to the problem of heredity, had argued for the importance
of bacteriophage-subcellular and submicroscopic particles
only recently identified as a form of life-as "ideal objects for
the study of biological self-replication."· In the summer of 1941,
DelbrUck arranged to meet Salvador Luria at the Cold Spring
Harbor Laboratory, beginning a collaboration and a tradition
that were to assume historic importance. Four years later, he
organized the first summer phage course, "to spread the new
gospel among physicists and chemists. "5 The heart of DelbrUck's program was "the quest for the physical basis of the
gene"8-not simply for its physical locus, the chromosome, but
for the actual physical laws (and molecular structure) that constitute and explain the genetic mechanism. This quest was realized in 1953 with the discovery by James Watson and Francis
Crick of the structure of DNA. From its structure, Watson and
Crick were able to deduce how the DNA could perform the
functions essential to genetic ~aterial-namely, replication
and instruction. It was a euphoric time. According to Watson
and Crick the vital information is coded into DNA, or, as it came
to be known, the "mother molecule of life." From there it is
copied onto the RNA, a kind of molecular go-between. Through
a miraculously well-ordered physico-chemical process, the RNA
is then used as a blueprint for the production of the proteins (or
enzymes) responsible for genetic traits. The picture that thus
emerged-DNA to RNA to protein-was powerful, satisfying,
and definitive. Francis Crick dubbed it the "central dogma,"
and the name took. For the next ten years, biologists continued
to experience the kind of growth and excitement that comes
only in periods of scientific revolution.
In many ways, the picture that had thus been sketched bore
strong resemblances to the picture of the universe that the
Newtonian physicists had drawn. Both were highly mechanistic
accounts in which, it seemed, only the details were missing. In

6 A Feeling for the Organism

A Historical Overview 7

each the essential principles were articulated in terms of the
simplest possible system-for physicists this had been the interaction of two point masses; for biologists, it was the smallest
and simplest living organism, the bacteriophage or, next best,
the bacterium. For almost all workers in molecular biology, the
bacterium to study was Escherichia coli. From E. coli to the
rest of the living world was, presumably, a small step. Jacques
Monod, the French Nobel Prize winner, reportedly said that
what was true for E. coli would be true for the elephant. 7 A few
biologists-Barbara McClintock was one-continued to study
higher organisms, but the brightest and most promising young
workers tended to take up the study of phage and bacteria. The
language of corn genetics, once a staple in the training of all
biologists, rapidly became unintelligible.
Given the confidence that many biologists had in the essential
completeness of their understanding, it seems inevitable that at
some point they would come to feel that the interesting questions had all been answered-that what remained was hackwork. In the late 1960s, many prominent molecular biologists
were looking for new fields in which to reinvest their energies
and talents.
As it turned out, the anxiety (or satisfaction) that these biologists had felt over the exhaustion of their subject was premature. What was true for E. coli was not true for the elephant;
as would emerge later, it wasn't even always true for E. coli. As
has so often occurred in the history of science, just when faith
in the nearness of the goal was at its greatest, increasingly vexing and disturbing observations began to accrue. Over the next
ten years, developments would emerge that would vastly complicate the picture that had been so simple-that would, in the
minds of many, radically challenge the central dogma.
The principal thesis of the central dogma as originally articulated by Crick was that "once 'information' has passed into
protein it cannot get out again."8 Information Howed only
from DNA to RNA to protein. Crucial to this thesis was that
information originated in the DNA and that it was not then
subject to modification.
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In its original form, the central dogma offered no way to
account for the fact that the specific kinds of proteins produced
by the cell seemed to vary with the cell's chemical environment. By 1960, a crucial emendation was made by Jacques
Monod and Franr;ois Jacob. Monod and Jacob worked out a
mechanism for genetic regulation that allowed for environmental control of the rates of protein production but retained the
basic tenet of the central dogma. Proteins, they assumed, are
encoded by the DNA, but so are a number of switches, each of
which can turn "on" and "off' a gene (or group of genes, called
structural genes) encoding the proteins. According to their theory, the switch itselfis made up of two different kinds of genetic
elements, an "operator" and a "regulator" gene, which, in concert with a particular chemical substrate, repress or activate the
structural gene. The availability of the relevant chemical substrate is in turn determined by the chemical milieu of the
cell.
Thus modified, the central dogma was now stronger than
ever, with a domain that was vastly enlarged. It seemed to have
resolved and incorporated, at least in principle, the troublesome field of enzymatic control. True, information could
now "get out of the protein," but only in the form of the regulation of the rate at which a particular stretch of the DNA would
be processed. The feedback that had been introduced left the
most essential feature of the central dogma intact: the information How from the DNA remained one way. For this work, Jacob
and Monod shared the Nobel Prize with Andre Lwoff in 1965.
On the other side of the Atlantic, Barbara McClintock had
been trying since 1950 to interest biologists in her own identification of "controlling elements" in maize. When Monod's and
Jacob's paper appeared in Comptes Rendus, late in 1960, she
was one of its most enthusiastic readers. With great excitement
and in full support of her French colleagues, she promptly
called a meeting at Cold Spring Harbor to outline the parallels
with her own work. Shortly after, she detailed these parallels in
a paper, which she sent first to Monod and Jacob and then to
the American Naturalist. As Horace Judson reports in The
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Eighth Day of Creation, his account of the molecular revolution in biology, "they were glad of her prompt support."9
McClintock's investigations were conducted not only on a
different continent, not only on a vastly more complex organism, but, it could be said, in a different biological world from
that of Monod and Jacob. Where Monod and Jacob, as molecular
biologists, concentrated their efforts on E. coli, McClintock, a
classical geneticist, studied maize. Where Monod and Jacob
employed the tools of biochemical assay to determine the
effects of critical genetic crosses, McClintock used the techniques more familiar to the naturalist-she observed the markings and patterns of colorations on the leaves and kernels of the
corn plant, and the configurations of the chromosomes as they
appeared under the microscope. Where they sought a molecular mechanism, she sought a conceptual structure, supported
and made real by the coherence of its inferences and its correlation with function. Each used the tools, techniques, and language appropriate to his or her organism, milieu, and time.
Begun in 1944, McClintock's work belonged in the tradition of
classical biology; it was, above all, premolecular. Its beginning
preceded even the identification of DNA as the genetic material. By contrast, Monod and Jacob worked in a spirit that belonged entirely to the age of molecular biology, the age of the
central dogma. Yet they, like McClintock, had become convinced of the existence of regulatory mechanisms operating at
the genetic level, and involving two kinds of regulatory genes.
The controlling element McClintock had identified adjacent to
the structural gene (the gene directly responsible for the trait)
appeared analogous to Jacob and Monod's "operator" gene; her
"activator" gene, analogous to their "regulator" gene, might be
independently located. As McClintock wrote in her paper on
the parallels between maize and bacteria, in both cases, "an
'operator' gene will respond only to the particular 'regulator'
element of its own system."lO
But one essential feature was different. In McClintock's system, the controlling elements did not correspond to stable loci
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on the chromosome-they moved. In fact, this capacity to
change position, transposition as she called it, was itself a property that could be controlled by regulator, or activator, genes.
This feature made her phenomenon a more complex one, and,
in the minds of her contemporaries, less acceptable. Although
it was known that viral DNA could insert itself into the DNA of
a host cell and subsequently detach itself, almost no one was
ready to believe that, under certain circumstances, the normal
DNA of a cell could rearrange itself. Such a notion was upsetting for many reasons, not the least of which was that it implicitly challenged the central dogma, which during the 1950s and
1960s grew ever more entrenched. If parts of the DNA might
rearrange themselves in response to signals from other parts of
the DNA, as McClintock's work suggested, and if these signals
might themselves be subject to influence by the internal environment of the cell, as the regulatory elements of Jacob and
Monod clearly were, what then becomes of the unidirectionality of the information How from DNA to protein? For the very
sequence of genes to depend on factors beyond the genome,
information would, in some sense, have to How backward, from
protein to DNA. McClintock did not make this suggestion explicit, but, with her interpretation, the organization of the
maize genome clearly became a much more complex one than
the central dogma would allow.
To many biologists in the 1950s and 1960s transposition
sounded like a wild idea. Furthermore, fewer and fewer knew
enough maize genetics to follow the very intricate arguments
that were necessary to support the radical conclusions McClintock had reached. The mood in biology had grown impatient
with the complexity of higher organisms. Finally, it must be
said, her own writing was dense. The reprinting of her early
paper with Harriet Creighton in Peters's Classic Papers in Genetics is introduced with the warning:
It is not an easy paper to follow, for the items that require retention throughout the analysis are many, and it is fatal to one's
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understanding to lose track of any of them. Mastery of this paper,
however, can give one the strong feeling of being able to master
almost anything else he might have to wrestle with in biology.ll

The newer papers were even more difficult to follow. When she
made these ideas public in 1951, in 1953, and again in 1956, in
spite of the fact that she had long since established her reputation as an impeccable investigator, few listened, and fewer understood. She was described as "obscure," even "mad." Even in
1960, when she outlined the close parallels between the system
ofJacob and Monod and her own, very little attention was paid.
Jacob and Monod themselves neglected to cite her work in their
major paper on regulatory mechanisms of 1961-"an unhappy
oversight," they later called it. 12 They did, however, acknowledge her work in a concluding summary they wrote for the
Cold Spring Harbor Symposium the next summer:
Long before regulator and operator genes were revealed in bacbacteria, the extensive and penetrating work of McClintock
... had revealed the existence, in maize, of two classes of genetic "controlling elements" whose specific mutual relationships
are closely comparable with those of the regulator and
operator.... 13

No mention was made there of transposition, although elsewhere in the same volume they remarked that the occurrence
of transposition in maize made for "an important difference
between the two systems."14
Ten years later, when in many people's expectations molecular biology should have run its course, a number of dramatic and
unanticipated observations began to appear. Among these was
the startling discovery of elements of the bacterial genome that
appeared to "jump around." These were variously called
"jumping genes," "transposons," or "insertion elements." In a
number of cases, transposons have been observed to have regulatory properties that closely parallel those observed twenty
years earlier by McClintock; indeed, they seem to present a
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closer analogue for her controlling elements than that of Monod
and Jacob's regulatory system. The major difference is that they
are described in a new language, the language of DNA.
In the decade since the first discovery of jumping genes in
bacteria, it has become apparent that the movement of genetic
elements can playa critical role in some quite ingenious regulatory mechanisms-both more complex and more varied than
those that had been envisioned by Jacob and Monod. For example, in some instances, the regulatory function may depend on
the orientation-forward or backward-with which the transposed element is reinserted; the two orientations correspond to
functionally different genetic scripts. Apart from maize, yeast
was the first eukaryotic system to attract attention to the distinct developmental changes that result from a controlled rearrangement of genes; now a number of developmental
mutations in Drosophila have also been traced to transposition.
Even in mammals a kind of genetic mobility can be seen. Studies of the immune system in mice have revealed that immunoglobulin DNA is routinely subject to extensive rearrangements,
offering a possible explanation of the heretofore inexplicable
diversity of antibodies.
Cold Spring Harbor today is a center for much of the new
research on transposition. And Barbara McClintock, who has
lived and worked at Cold Spring Harbor since 1941, continues
to do her own work-still in relative seclusion. For forty years,
she has been sheltered from the vicissitudes of biological fashion by an aura of privacy and reserve. Until recently, her following has been small, reverent, and protective.
For those few who have sought to know the person and work
behind the name, and who have tried to understand how that
work fits into modern biology, the knowledge they have come
by is felt as 'a special privilege. One such enthusiast is Nina
Federoff, of the Carnegie Institution of Washington, who has set
her sights on an understanding of the molecular basis of
McClintock's genetic analyses. For her, reading McClintock's
papers became "the most remarkable learning experience" of
her life. "Like a detective novel, I couldn't put it down."15
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Barbara McClintock with Walter Gilbert, Harvard Commencement,
Cambridge, Mass., June 1979. (Permission of Rick Stafford, photographer.)
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Now, active public recognition and fame threaten to intrude
on years of obscurity and reserve. Over the last few years, the
number of honorary citations has begun to mount. In 1978,
recognizing that "Dr. McClintock has never received the formal recognition and honor due such a remarkable scientist,"
Brandeis University chose her for their annual Rosenstiel
Award, citing her "imaginative and important contributions" to
the world of science. In 1979, she was awarded two honorary
degrees-one at Rockefeller University and one at Harvard.
The Harvard citation reads: "A scientific pioneer, firm-purposed and undaunted; her profound and pervasive studies of
the cell have opened avenues to deeper understanding of genetic phenomena." The Genetics Society of America saluted
her in 1980 "for her brilliance, originality, ingenuity, and complete dedication to research." In 1981, her name caught the eye
of the public with the receipt of the first MacArthur Laureate
Award-a lifetime fellowship of $60,000 a year, tax free. Her
story became media news. A day later, she received the prestigious Lasker Award for Basic Medical Research and a $50,000
prize from Israel's Wolf Foundation (the ninth honor that year).
The Lasker citation noted the "monumental implications" of
her discoveries, which it said were "not fully appreciated until
years later." When, in the fall of 1982, she shared Columbia
University's Horwitz Prize with Susumu Tonegawa, commentators made note of the frequency with which past Horwitz Prize
winners were subsequently named Noble laureates.
For McClintock, all this attention is "too much at once."
Newsweek described her, seated before a roomful of reporters,
as "plainly miserable." "I don't like publicity at all. All I want
to do is retire to a quiet place in the laboratory."i6
But the question of how she regards the latest chapter in the
history of her subject goes beyond personal satisfaction or discomfort. To what extent does she see in it the unfolding of a
vision she has cultivated over more than three decades? How
does her own account add to our understanding of the history
of this period, indeed of the entire history of genetics? Under-

14 A Feeling for the Organism

standing that the spirit of a scientific era cannot be learned from
the scientific or historical literature alone, we need to know
about the lives and personalities of the men and women who
have made the science. In the chapters that follow, the history
that has been told so briefly here is retold through McClintock's
-and others'~wn recollections.

CHAPTER 2

The Capacity to Be Alone

Forty miles east of Manhattan, along route 25A, just a mile
before the town of Cold Spring Harbor, the sign for the Long
Island Biological Laboratories is easy to miss. Small and inconspicuous, nothing about the turnoff to the laboratories suggests
what a major thoroughfare Bungtown Road can be. At the beginning of each summer, when the pace of university laboratories slows down, biologists from all over the world gather here
to work or study, or simply to meet and share the latest results
of one another's work. Annual symposia draw an especially
large crowd, straining the modest facilities beyond their capacity. Everywhere small groups congregate in animated talk, spilling onto the beach and roads. From June to early September,
Bungtown Road seems to these biologists more like a central
artery than the small country road it is.
Fewer people know Cold Spring Harbor in wintertime.
When the excitement of summer conferences subsides, and the
visiting scientists leave, only a few biologists remain. The
weather turns cool, the small beach empties, the leaves begin
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CHAPTER 12

A Feeling
for the Organism
There are two equally dangerous extremesto shut reason out, and to let nothing else in.
PASCAL

If Barbara McClintock's story illustrates the fallibility of science,

it also bears witness to the underlying health of the scientific
enterprise. Her eventual vindication demonstrates the capacity
of science to overcome its own characteristic kinds of myopia,
reminding us that its limitations do not reinforce themselves
indefinitely. Their own methodology allows, even obliges, sci,
entists to continually reencounter phenomena even their best
theories cannot accommodate. Or-to look at it from the other
side-however severely communication between science and
nature may be impeded by the preconceptions of a particular
time, some channels always remain open; and, through them,
nature finds ways of reasserting itself.
But the story of McClintock's contributions to biology has
another, less accessible, aspect. What is it in an individual scientist's relation to nature that facilitates the kind of seeing that
eventually leads to productive discourse? What enabled
McClintock to see further and deeper into the mysteries of
genetics than her colleagues?
197
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Her answer is simple. Over and over again, she tells us one
must have the time to look, the patience to "hear what the
material has to say to you," the openness to "let it come to you."
Above all, one must have "a feeling for the organism."
One must understand "how it grows, understand its parts,
understand when something is going wrong with it. [An organism] isn't just a piece of plastic, it's something that is constantly
being affected by the environment, constantly showing attributes or disabilities in its growth. You have to be aware of all
of that.... You need to know those plants well enough so that
if anything changes, ... you [can] look at the plant and right
away you know what this damage you see is from-something
that scraped across it or something that bit it or something that
the wind did." You need to have a feeling ior every individual
plant.
"No two plants are exactly alike. They're all different, and as
a consequence, you have to know that difference," she explains.
"I start with the seedling, and I don't want to leave it. I don't
feel I really know the story if I don't watch the plant all the way
along. So I know every plant in the field. I know them intimately, and I find it a great pleasure to know them."
This intimate knowledge, made possible by years of close
association with the organism she studies, is a prerequisite for
her extraordinary perspicacity. "I have learned so much about
the com plant that when I see things, I can interpret [them]
right away." Both literally and figuratively, her "feeling for the
organism" has extended her vision. At the same time, it has
sustained her through a lifetime of lonely endeavor, unrelieved
by the solace of human intimacy or even by the embrace of her
profession.
Good science cannot proceed without a deep emotional investment on the part of the scientist. It is that emotional investment that provides the motivating force for the endless hours
of intense, often grueling, labor. Einstein wrote: " ... what deep
longing to understand even a faint reflexion of the reason revealed in this world had to be alive in Kepler and Newton so
that they could in lonely work for many years disentangle the
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mechanism of celestial mechanics?"! But McClintock's feeling
for the organism is not simply a longing to behold the "reason
revealed in this world." It is a longing to embrace the world in
its very being, through reason and beyond.
For McClintock, reason-at least in the conventional sense of
the word-is not by itself adequate to describe the vast complexity-even mystery-of living forms. Organisms have a life
and order of their own that scientists can only partially fathom.
No models we invent can begin to do full justice to the prodigious capacity of organisms to devise means for guaranteeing
their own survival. On the contrary, "anything you can think of
you will find." In comparison with the ingenuity of nature, our
scientific intelligence seems pallid.
For her, the discovery of transposition was above all a key to
the complexity of genetic organization-an indicator of the subtlety with which cytoplasm, membranes, and DNA are integrated into a single structure. It is the overall organization, or
orchestration, that enables the organism to meet its needs,
whatever they might be, in ways that never cease to surprise us.
That capacity for surprise gives McClintock immense pleasure.
She re~alls, for example, the early post-World War II studies of
the effect of radiation on Drosophila: "It turned out that the
Hies that had been under constant radiation were more vigorous than those that were standard. Well, it was hilarious; it was
absolutely against everything that had been thought about earlier. I thought it was terribly funny; I was utterly delighted. Our
experience with DDT has been similar. It was thought that
insects could be readily killed off with the spraying of DDT. But
the insects began to thumb their noses at anything you tried to
do to them."
Our surprise is a measure of our tendency to underestimate
the flexibility of living organisms. The adaptability of plants
tends to be especially unappreciated. "Animals can walk
around, but plants have to stay still to do the same things, with
ingenious mechanisms....Plants are extraordinary. For instance, ... if you pinch a leaf of a plant you set off electric pulses.
You can't touch a plant without setting off an electric pulse....
There is no question that plants have [all] kinds of sensitivities.
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They do a lot of responding to their environment. They can do
almost anything you can think of. But just because they sit
there, anybody walking down the road considers them just a
plastic area to look at, [as ifJ they're not really alive."
An attentive observer knows better. At any time, for any
plant, one who has sufficient patience and interest can see the
myriad signs of life that a casual eye misses: "In the summertime, when you walk down the road, you'll see that the tulip
leaves, if it's a little warm, tum themselves around so their
backs are toward the sun. You can just see where the sun hits
them and where the sun doesn't hit. ... [Actually], within the
restricted areas in which they live, they move around a great
deal." These organisms "are fantastically beyond our wildest
expectations."
For all of us, it is need and interest above all that induce the
growth of our abilities; a motivated observer develops faculties
that a casual spectator may never be aware of. Over the years,
a special kind of sympathetic understanding grew in McClintock, heightening her powers of discernment, until finally, the
objects of her study have become subjects in their own right;
they claim from her a kind of attention that most of us experience only in relation to other persons. "Organism" is for her a
code word-not simply a plant or animal ("Every component of
the organism is as much of an organism as every other part")but the name of a living form, of object-as-subject. With an
uncharacteristic lapse into hyperbole, she adds: "Every time I
walk on grass I feel sorry because I know the grass is screaming
at me."
A bit of poetic license, perhaps, but McClintock is not a poet;
she is a scientist. What marks her as such is her unwavering
confidence in the underlying order of living forms, her use of
the apparatus of science to gain access to that order, and her
commitment to bringing back her insights into the shared language of science-even if doing so might require that language
to change. The irregularities or surprises molecular biologists
are now uncovering in the organization and behavior of DNA
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are not indications of a breakdown of order, but only of the
inadequacies of our models in the face of the complexity of
nature's actual order. Cells, and organisms, have an organization of their own in which nothing is random.
In short, McClintock shares with all other natural scientists
the credo that nature is lawful, and the dedication to the task
of articulating those laws. And she shares, with at least some, the
additional awareness that reason and experiment, generally
claimed to be the principal means of this pursuit, do not suffice.
To quote Einstein again, ..... only intuition, resting on sympathetic understanding, can lead to [these laws]; ... the daily
effort comes from no deliberate intention or program, but
straight from the heart."2
A deep reverence for nature, a capacity for union with that
which is to be known-these reflect a different image of science
from that of a purely rational enterprise. Yet the two images
have coexisted throughout history. We are familiar with the
idea that a form of mysticism-a commitment to the unity of
experience, the oneness of nature, the fundamental mystery
underlying the laws of nature-plays an essential role in the
process of scientific discovery. Einstein called it "cosmic religiosity." In tum, the experience of creative insight reinforces
these commitments, fostering a sense of the limitations of the
scientific method, and an appreciation of other ways of knowing. In all of this, McClintock is no exception. What is exceptional is her forthrightness of expression-the pride she takes in
holding, and voicing, attitudes that run counter to our more
customary ideas about science. In her mind, what we call the
scientific method cannot by itself give us "real understanding."
"It gives us relationships which are useful, valid, and technically
marvelous; however, they are not the truth." And it is by no
means the only way of acquiring knowledge.
That there are valid ways of knOWing other than those conventionally espoused by science is a conviction of long standing
for McClintock. It derives from a lifetime of experiences that
.science tells us little about, experiences that she herself could
no more set aside than she could discard the anomalous pattern
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on a single kernel of corn. Perhaps it is this fidelity to her own
experience that allows her to be more open than most other
scientists about her unconventional beliefs. Correspondingly,
she is open to unorthodox views in others, whether she agrees
with them or not. She recalls, for example, a lecture given in the
late 1940s at Cold Spring Harbor by Dick Roberts, a physicist
from the Carnegie Institution of Washington, on the subject of
extrasensory perception. Although she herself was out of town
at the time, when she heard about the hostile reaction of her
colleagues, she was incensed: "If they were as ignorant of the
subject as I was, they had no reason for complaining."
For years, she has maintained an interest in ways of learning
other than those used in the West, and she made a particular
effort to inform herself about the Tibetan Buddhists: "I was so
startled by their method of training and by its results that I
figured we were limiting ourselves by using what we call the
scientific method."
Two kinds of Tibetan expertise interested her especially. One
was the way the "running lamas" ran. These men were described as running for hours on end without sign of fatigue. It
seemed to her exactly the same kind of effortless floating she
had secretly learned as a child.
She was equally impressed by the ability that some Tibetans
had developed to regulate body temperature: "Weare scientists, and we know nothing basically about controlling our body
temperature. [But] the Tibetans learn to live with nothing but
a tiny cotton jacket. They're out there cold winters and hot
summers, and when they have been through the learning process, they have to take certain tests. One of the tests is to take
a wet blanket, put it over them, and dry that blanket in the
coldest weather. And they dry it."
How were they able to do these things? What would one need
to do to acquire this sort of "knowledge"? She began to look at
related phenomena that were closer to home: "Hypnosis also
had potentials that were quite extraordinary." She began to
believe that not only one's temperature, but one's circulation,
and many other bodily processes generally thought to be auton-
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omous, could be brought under the influence of mind. She was
convinced that the potential for mental control revealed in
hypnosis experiments, and practiced by the Tibetans, was
something that could be learned. "You can do it, it can be
taught." And she set out to teach herself. Long before the word
"biofeedback" was invented, McClintock experimented with
ways to control her own temperature and blood flow, until, in
time, she began to feel a sense of what it took.
But these interests were not popular. "I couldn't tell other
people at the time because it was against the 'scientific method.'
. .. We just hadn't touched on this kind of knowledge in our
medical physiology, [and it is] very, very different from the
knowledge we call the only way." What we label scientific
knowledge is "lots of fun. You get lots of correlations, but you
don't get the truth.... Things are much more marvelous than
the scientific method allows us to conceive."
Our own method could tell us about some things, but not
about others-for instance, she reflects, not about "the kinds of
things that made it possible for me to be creative in an unknown
way. Why do you know? Why were you so sure of something
when you couldn't tell anyone else? You weren't sure in a boastful way; you were sure in what I call a completely internal
way.... What you had to do was put it into their frame. Wherever it came in your frame, you had to work to put it into their
frame. So you work with so-called scientific methods to put it
into their frame after you know. Well, [the question is] how you
know it. I had the idea that the Tibetans understood this how
you know."
McClintock is not the only scientist who has looked to the
East for correctives to the limitations of Western science. Her
remarks on her relation to the phenomena she studies are especially reminiscent of the lessons many physicists have drawn
from the discoveries of atomic physics. Erwin Schrodinger, for
example, wrote: " ... our science-Greek science-is based on
objectification.... But I do believe that this is precisely the
point where our present way of thinking does need to be
amended, perhaps by a bit of blood-transfusion from Eastern
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thought."3 Niels Bohr, the "father of quantum mechanics," was
even more explicit on the subject. He wrote: "For a parallel to
the lesson of atomic theory ... [we must turn] to those kinds of
epistemological problems with which already thinkers like the
Buddha and Lao Tzu have been confronted, when trying to
harmonize our position as spectators and actors in the great
drama of existence."4 Robert Oppenheimer held similar views:
"The general notions about human understanding . . . which
are illustrated by discoveries in atomic physics are not in the
nature of being wholly unfamiliar, wholly unheard of, or new,"
he wrote. "Even in our culture they have a history, and in
Buddhist and Hindu thought a more considerable and central
place."5 Indeed, as a result of a number of popular accounts
published in the last decade, the correspondences between
modern physics and Eastern thought have come to seem commonplace. 6 But among biologists, these interests are not common. McClintock is right to see them, and herself, as oddities.
And here, as elsewhere, she takes pride in being different. She
is proud to call herself a "mystic."
Above all, she is proud of her ability to draw on these other
ways of knowing in her work as a scientist. It is that which, to
her, makes the life of science such a deeply satisfying oneeven, at times, ecstatic. "What is ecstasy? I don't understand
ecstasy, but I enjoy it. When I have it. Rare ecstasy."
Somehow, she doesn't know how, she has always had an "exceedingly strong feeling" for the oneness of things: "Basically,
everything is one. There is no way in which you draw a line
between things. What we [normally] do is to make these subdivisions, but they're not real. Our educational system is full of
subdivisions that are artificial, that shouldn't be there. I think
maybe poets-although I don't read poetry-have some understanding of this." The ultimate descriptive task, for both artists
and scientists, is to "ensoul" what one sees, to attribute to it the
life one shares with it; one learns by identification. T
Much has been written on this subject, but certain remarks
of Phyllis Greenacre, a psychoanalyst who has devoted a lifetime to studying the dynamics of artistic creativity, come espe-
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cially close to the crux of the issue that concerns us here. For
Greenacre, the necessary condition for the flowering of great
talent or genius is the development in the young child of what
she calls a "love affair with the world."8 Although she believes
that a special range and intensity of sensory responsiveness may
be innate in the potential artist, she also thinks that, under
appropriate circumstances, this special sensitivity facilitates an
early relationship with nature that resembles and may in fact
substitute for the intimacy of a more conventional child's personal relationships. The forms and objects of nature provide
what Greenacre calls "collective alternatives," drawing the
child into a "collective love affair."
Greenacre's observations are intended to describe the childhood of the young artist, but they might just as readily depict
McClintock's youth. By her own account, even as a child,
McClintock neither had nor felt the need of emotional intimacy
in any of her personal relationships. The world of nature provided for her the "collective alternatives" of Greenacre's artists; it became the principal focus of both her intellectual and
her emotional energies. From reading the text of nature,
McClintock reaps the kind of understanding and fulfillment
that others acquire from personal intimacy. In short, her "feeling for the organism" is the mainspring of her creativity. It both
promotes and is promoted by her access to the profound connectivity of all biological forms--of the cell, of the organism, of
the ecosystem.
The Hip side of the coin is her conviction that, without an
awareness of the oneness of things, science can give us at most
only nature-in-pieces; more often it gives us only pieces of nature. In McClintock's view, too restricted a reliance on scientific
methodology invariably leads us into difficulty. "We've been
spoiling the environment just dreadfully and thinking we were
nne, because we were using the techniques of science. Then it
turns into technology, and it's slapping us back because we
didn't think it through. We were making assumptions we had
no right to make. From the point of view of how the whole
thing actually worked, we knew how part ofit worked.... We
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didn't even inquire, didn't even see how the rest was going on.
Ail these other things were happening and we didn't see it."
She cites the tragedy of Love Canal as one example, the
acidification of the Adirondacks Lakes as another. "We didn't
think [things] through.... If you take the train up to New Haven ... and the wind is from the southeast, you find all of the
smog from New York is going right up to New Haven.... We're
not thinking it through, just spewing it out. ... Technology is
fine, but the scientists and engineers only partially think
through their problems. They solve certain aspects, but not the
total, and as a consequence it is slapping us back in the face very
hard."

• • •
Barbara McClintock belongs to a rare genre of scientist; on a
short-term view of the mood and tenor of modem biological
laboratories, hers is an endangered species. Recently, after a
public seminar McClintock gave in the Biology Department at
Harvard University, she met informally with a group of graduate and postdoctoral students. They were responsive to her
exhortation that they "take the time and look," but they were
also troubled. Where does one get the time to look and to think?
They argued that the new technology of molecular biology is
self-propelling. It doesn't leave time. There's always the next
experiment, the next sequencing to do. The pace of current
research seems to preclude such a contemplative stance.
McClintock was sympathetic, but reminded them, as they
talked, of the "hidden complexity" that continues to lurk in the
most straightforward-seeming systems. She herself had been
fortunate; she had worked with a slow technology, a slow organism. Even in the old days, com had not been popular because
one could never grow more than two crops a year. But after a
while, she'd found that as slow as it was, two crops a year was
too fast. If she was really to analyze all that there was to see, one
crop was all she could handle.
There remain, of course, always a few biologists who are able
to sustain the kind of "feeling for the organism" that was so
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productive-both scientifically and personally-for McClintock, but to some of them the difficulties of doing so seem to
grow exponentially. One contemporary, who says of her own
involvement in research, "If you want to really understand
about a tumor, you've got to be a tumor," put it this way:
"Everywhere in science the talk is of winners, patents, pressures, money, no money, the rat race, the lot; things that are so
completely alien . . . that I no longer know whether I can be
classified as a modem scientist or as an example of a beast on
the way to extinction."9
McClintock takes a longer view. She is confident that nature
is on the side of scientists like herself. For evidence, she points
to the revolution now occurring in biology. In her view, conventional science fails to illuminate not only "how" you know, but
also, and equally, "what" you know. McClintock sees additional
confirmation of the need to expand our conception of science
in her own-and now others'~scoveries. The "molecular"
revolution in biology was a triumph of the kind of science represented by classical physics. Now, the necessary next step seems
to be the reincorporation of the naturalist's approach-an approach that does not press nature with leading questions but
dwells patiently in the variety and complexity of organisms.
The discovery of genetic lability and flexibility forces us to recognize the magnificent integration of cellular processes-kinds
of integration that are "simply incredible to our old-style thinking." As she sees it, we are in the midst of a major revolution
that "Will reorganize the way we look at things, the way we do
research." She adds, "And I can't wait. Because I think it's going
to be marvelous, simply marvelous. We're going to have a completely new realization of the relationship of things to each
other."

