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There is an increasing trend for the focus of biology to be
determined more by administrators who have short-term pecuniary interests in science rather than by individuals who are “doing
science” to further the fundamental human desire to understand
ourselves, the natural environment, and our place in the world,
though questioning. We feel that this ceding of the scope of science
from the questioners to the administrators is at variance with the
traditions of science, which heretofore have resulted in the remarkable advancements made in the field of biology. In contrast to
the plethora of day-to-day conversations on how to fit into the
administrators’ directives, this essay provides a historical context,
particularly though its extensive bibliography, to encourage today’s
biologists to question authority and question nature.
“If it be of importance and of use to us to know the principles
of the element we breathe, surely it is not of much less importance
nor of much less use to comprehend the principles, and endeavour
at the improvement of those laws, by which alone we breathe it in
security.”—Jeremy Bentham1
“Science”, according to Erwin Chargaff, “is the application of
reason, and mainly of logic, to the study of the phenomena of
nature. Therefore, the most important scientific tool is the human
brain. Each brain sits in its own head. Hence, the all-important unit
in research is the individual scientist.”2 Indeed, Ernst Haeckel goes
as far as saying, “The scientific results of an institute are in inverse
proportion to its size.”3 Given the importance of the individual
scientist in doing science, it is ironic that we often see references to
“model organisms” in published papers and job descriptions, yet it is
rare to find the phrase “model scientist” in any context.
It is up to each individual to choose his or her own examples of
model scientists. Moreover, we feel that each individual has a responsibility to choose and study such models, in part, because those
models that have endured provide a standard of excellence against
which any one of us can compare our own accomplishments (or
lack thereof ). At the beginning of each semester we ask our students
to name who they think are the ten best scientists who ever lived.
Then we ask if they have ever read any of their original works. In
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the majority of the cases, they have never read a single work by the
people they consider to be the best scientists. This is a shame. They
read the works of others, but not the works of the people who they
consider to be the best. We encourage them to read the words of their
own model scientists, and to take a journey through the minds of the
scientists they admire.4-6
To us, model scientists are persons whose primary goal is to reveal
the underlying laws of Nature. In order to do so, the Prometheans of
biology search out the organisms (really taxon or taxa) or groups of
organisms that have the morphological, physiological, biochemical,
genetic or ecological features that allow them to answer the problem
in question. Alternatively, when working on a given organism or
group of organisms, a model scientist determines how this organism
or taxon can best be studied to discover new biological principles. In
order to assess what is new, one must know what is old. Thus, the
model scientist must know the history of the field.7-10 The passion
for seeking a broad generalization is often tempered by the realization that each search must be amenable to quantitative study.11
Thus in order to do something that “is good in itself and has broad
implications” the model scientist has the depth of knowledge and
skill necessary to use the techniques that are best suited to answer
the question. The model scientist understands the laws of physics
and chemistry, which underlie the majority of the techniques used.
In this way the model scientist understands the qualitative and
quantitative relationships between the question and the answer, and
is also in a position to refine old techniques or create new ones in
order to further our understanding of the problem. Choosing the
right technique often means that the scientist understands the power
of numbers, and thus can relate the sensitivity of the technique to the
order of magnitude of the process. The model scientist understands
that every answer is a mixture of fact and hypothesis, and clearly
delineates the difference and strives to increase the ratio of fact to
hypothesis.3 The model scientist presents his or her work through
publications and/or teaching. The model scientist understands the
relationship between the scientific work and the society at large, and
has the fundamental virtues of courage and integrity to deliberate
and act upon any related ethical issues.12-16 The model scientist has
the courage to question authority, and looks at everything he or she
does with skepticism and from first principles.17-21 Below we will
describe the intellectual history of model scientists.
At the dawn of our civilization, religion provided a forum where
people could ask questions like “What is life? What is the nature of
the world? What are the causes of the things we see? Where did we
come from? And what is our relationship to the Universe?” By the
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close of the Middle Ages it seems that some religious and academic
authorities decided that they knew the answers to these questions,
and it was blasphemous even to ask the questions. Following this
decline in the leadership of religious institutions in providing an
environment in which to understand the natural world through
questioning, the new field of natural philosophy arose to provide a
forum in which people could again ask these questions; and since the
renaissance, natural philosophy has been remarkable in its ability to
provide answers to such questions. Both theology and natural philosophy seek to understand the world through questioning, however
natural philosophy has the advantage of opening up many more
questions, since even if a natural philosopher believes that God is the
first cause of every effect, there are still many important secondary
causes to understand between any given cause and effect. We are
afraid that we have entered a period when the questioning of science
is hampered again by a new group of authorities—authorities with
the power of Bishops and Popes—who are less interested in the questions posed to understand the relationship between cause and effect,
than they are interested in the effect—and a certain effect at that—Is
the process under study capable of garnering large amounts of money
in the form of overhead, patent royalties and licensing agreements?
These pecuniary questions have decided which scientific questions
should be answered, and it has become blasphemous, or rather in
today’s parlance, “unfundable”, “unhirable” or “untenurable” to ask
other questions.22,23
Certain organisms that have the advantage of having DNA
sequences that are easily identified, isolated, patented and licensed
are better suited for answering these pecuniary questions in the
affirmative. These organisms have come to be known as “model
organisms”. The current concept of a “model organism” arose, in
the main, at a time when some governments no longer felt obliged
to support science in the manner they did during the cold war and
in exchange, universities were allowed to make profits from patents.
Other governments, working with limited budgets, followed suit
to become more competitive on the world stage. Model organisms
are used by the majority of scientists primarily because research on
them is fundable and fashionable.24,25 It is our opinion that the
first question asked by a biological scientist today is typically not
“What is life?” but “Is it fundable?” We have entered the era of “sell
buy-ology”.
We are strong believers in independent thought, and do not like
the idea of absolute authorities.26-30 We believe, along with Isocrates,
that power corrupts and absolute power corrupts absolutely.31 Indeed,
we hold that scientists must have freedom from authoritarianism in
order to search for the truth where they believe it may be found. This
freedom should only be limited by the ethical principles codified by
the society in which the scientist lives. Science has progressed, to a
large extent, through the actions of a limited number of individual
and free scientists.2,31-34 Examples where science has been hurt by
the power of authority (through either totalitarianism or centralization) are given in the following references.35-44
As humans emerging from the cave, we have tried to make sense
of the world around us.45 We made observations about the obvious
features that affect us. We found that the Sun was warm and bright.
We found that rubbing sticks together caused heat and fire. We
found that eating the plants or animals around us, and drinking the
water from the lakes and streams were necessary for sustaining life. As
98

we made more and more observations, and gathered more and more
facts, we began to systematize the data, and make generalizations,
like cereal grains, fruits and eggs were good to eat. As we acquired
more and more data, and strung them together with more and more
hypotheses, we could then make predictions. For example, the seeds
available in a newly inhabited place looked very much like the seeds
from the old place, and thus they would probably be good to eat. As
our brains developed, we gained the ability to make more and greater
generalizations.
In our day-to-day living, we observed that plants grew from
seeds; an offspring looked like a mixture of his/her mother and
father; stones fell from high places; streams flowed downhill; the
Sun returned every day, and the moon appeared to follow a 28-day
cycle. Realizing that in our everyday world, all effects were produced
by causes, we looked for causes for everything. As with any new
endeavor, sometimes the generalizations were reliable, sometimes
not. Yet we were a questioning species, and religion provided the
place to ask questions. The most scholarly answers for the causes
of all these natural phenomena from vital processes to astronomical
events, whether reproducible or catastrophic, were God(s). We felt
comfort in knowing the relationship between the supernatural cause
and the plethora of effects that surrounded us, and it was good.
Around the 6th and 5th centuries BC, a few philosophers scattered around the Ionian and Aegean Seas believed that the world
was intelligible in terms of natural processes and/or mathematical
descriptions as opposed to direct supernatural causes. Thales,
Heraclitus, Pythagoras, Empedocles and others weaved their limited
observations of Nature into grand theories of the world.46-54 Perhaps
Aristotle was the first model scientist. Aristotle, in the 4th century
BC, in the democratic city of Athens, took observational evidence
very seriously in order to understand the nature of the world. Unlike
his teacher Plato, Aristotle believed that we could understand the
world around us only by observing it. He was especially interested
in observing animals in his search to understand the nature of the
world because he felt that there was a very close connection between
cause and effect in animals. Aristotle dissected chicken embryos and
observed that the first sign of life was a tiny red speck, which he
considered to be the heart; and concluded that the heart, more then
any other organ, represents life itself.55
Aristotle provided support for this observation by dissecting goats.
He somehow got his hands on healthy goats, which were brought to
a nearby temple to be sacrificed. He noticed that the healthy goats
had healthy hearts, yet their other organs showed signs of decay.
By contrast, he observed that goats that died of natural causes had
diseased hearts. Thus Aristotle concluded that the life and death of an
individual was related to the life and death of its heart.
In the 3rd century BC, physicians including Herophilus and
Erasistratus, living in the Hellenistic City of Alexandria, furthered
the anatomical studies begun by Aristotle by doing dissections on
animals and man. According to Celsus, Herophilus and Erasistratus
did vivisections on condemned criminals (which were the model
organisms at the time). In the course of their dissections, Herophilus
discovered the central nervous system, and Erasistratus discovered
the arterial and venous systems.
In the 2nd century AD, following the conquering of the Hellenistic
world by Rome, Galen, the imperial physician of Rome, continued
to dissect animals with his own hands, in order to ensure the quality
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of the dissections and the completeness of the descriptions. He wrote
up all his own observations, and included with them, the observations of all his predecessors in a series of books, which remained the
standard in anatomy for 1500 years.56 Though this time, we as a
species, following the teachings of Aristotle, observed Nature first
hand, with our own eyes, to get an understanding of questions such
as: “What is the nature of life? Who are we? What is the nature of the
world? What is our relationship to the Universe?”
With the rise of Christianity, there were some leaders, including
Tertullian (ca. 155–ca. 230) who expressed the opinion more often
than not that answers to these questions could only come from church
authority and not though scientific inquiry. By contrast, Augustine
of Hippo (354–430), who later became a Saint in the Catholic
Church, searched for answers about the nature of life though inquiry
based upon faith and reason. Augustine appreciated natural philosophical studies and argued that reason, which is based upon the
“Book of Nature” took precedence over faith, which is based on the
Bible when it came to understanding the nature and creation of the
material world. This acceptance would prevent the unbelievers from
considering the believers to be fools.57 Augustine’s deep thinking was
unappreciated and as a rule, the citizens of the Roman Empire were
not interested in any process of discovery, researching and questioning
the nature of the world, but were content with accepting without
question the answers already derived by the Ancients, particularly
Plato, Aristotle, Euclid, Ptolemy and Galen. The learned citizens
of the Latin West read commentaries (i.e., reviews) on the Ancients
written by scholars such as Theon of Smyrna, Proclus, Simplicius
and Philoponus; and the encyclopedias written by Celsus, Cato,
Varro and Pliny.58 The encyclopedias contained the answers, but did
not record how the answers were obtained. The readers accepted the
words of the authorities without question.
The fall of the Roman Empire did not bring about a revival of
independent thinking and learning. During the Middle Ages, with
a few exceptions,59,60 it seems that as a species, we were not interested in the enterprise of discovery, nor were we fascinated with the
discovery of the unknown. In the Monasteries and the newly founded
Cathedral Schools, we asked no new questions. We were content to
know the answers given by the authorities of the time, and scholars
merely transcribed the Bible, and other manuscripts written by the
ancient authorities. All was not dark however. While Europe was
suffocating in an intellectual stupor, the Arab world was resplendent
with scientific curiosity and achievement. Arab scholars translated
Greek works and expanded upon them with experiments. Thus, the
years 900–1100 were to become the golden age of mathematics,
medicine and technology for Islam.61
In the 12th and 13th centuries AD, a new interest in learning
arose in Europeans after the crusaders conquered some of the Arabicspeaking peoples, and Arabic translations of the original Greek texts
of Aristotle and others became available. During this time, the first
great universities of Europe (Paris, Bologna, Oxford and Cambridge)
became established.62 However, education was still under the attentive
supervision of the Church, and all universities in Christian countries
had to obtain the Pope’s sanction for their continued existence.63
With the reintroduction of Greek science, new problems emerged.
People were still interested in the teachings of authority; however,
now there were two authorities: Aristotle and the Bible. Moreover,
the natural philosophical teachings of Aristotle the pagan appeared to
www.landesbioscience.com

contradict the teachings of the Bible. In 1210, 1215 and 1231, there
were bans and attempts to ban Aristotle’s books in the University of
Paris. Scholars, with few exceptions, were not interested in resolving
the two opposing theses, and consequently believed in the “double
truth”. That is, there was no relationship between the truths of natural
philosophy and the truths of theology. Natural philosophy pursued by
Catholic scholars, including William of Conches was just an academic
subject, with no obvious relationship to reality.
Thomas Aquinas, a Dominican monk, made Aristotle safe for
the church by reinterpreting Aristotle’s natural philosophic writings
in terms of Christianity.64 For example, the unmoved mover (or
uncaused causer) in Aristotle’s Universe, was the God of the Bible.
Aquinas, who was soon to be sainted, concluded that there was only
one real truth. Thus the truth obtained by reason must coincide with
the truth obtained by revelation in the Scriptures and there must be
a harmony between natural philosophy and theology in the discovery
of the one self-consistent truth. Aquinas, like Augustine, believed
that the Word of God as presented in the Scriptures, while not
literally true, was ultimately true, and he accepted enough natural
philosophy in his exegesis of the Scriptures so that unbelievers would
not scorn the Scriptures.
While Aristotle and the Bible were taught in the 13th century,
natural philosophy became less than a handmaiden to theology.
Instead of encouraging questioners to find the ultimate truths
though the synthesis of opposites, the church began to suppress
the type of questioning that did not support the current dogma.
The bishops that oversaw certain major universities put out lists in
1270 and 1277 condemning ideas of natural philosophy which were
inconsistent with the theological teachings.65,66
Religion at this time, instead of providing an environment where
questions about the nature of the world could be asked, decided
it had the answers, and it became blasphemous to ask the questions. Natural philosophy, although still studied, was studied to a
large extent by disputation and argument, and not by making new
observations and gathering new data. In medical schools, physicians
studied the Galenic texts and did not even perform dissections in
order to get first hand knowledge of the body as Galen had done.
They just observed the dissections that occurred once or twice a
year in public theaters. In fact, the physician in charge of the public
dissection read from Galen (in Latin), but did not even dirty his
hands at the dissection. This was the job of the barber-surgeon (i.e.,
technician). The Church was not monolithic in its suppression of
discovery and questioning. Indeed, at a time when the physicians
and barber-surgeons were protecting the tradition of purging and
bleeding to fight malaria, some members of the church, particularly
Cardinal Juan de Lugo encouraged experimentation aimed at curing
the deadly malaria with an extract from the Peruvian fever-bark tree
that later came to be known as quinine.67
In the 16th century, the Humanists, including Vesalius, began
to stress the importance of doing things as well as the ancients, or
even better.68 The Humanists emulated the questioning nature of
the ancients, not their authority. This meant that a physician should
know the ancient texts, be able to perform dissections himself, and do
it even better than Galen himself in order to further our knowledge.
This tradition was carried on, and extended by Realdo Columbo,
Fabricius69 and William Harvey. They looked at anatomy as Aristotle
did. They asked questions, they found new answers, and asked more
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questions. Indeed the spirit of discovery, expressed in Aristotle, reappeared in the Humanists. Feeling the connection between Aristotle
and himself, Harvey70 entitled one of his books: “On the Generation
of Animals”; the same title used by Aristotle.
The new freedom of discovery exercised by the Humanists was
not felt by all. Johannes van Helmont, another physician, was called
in front of the Spanish Inquisition in 1625 because of his ideas about
the importance of chemistry in understanding medicine. Chemistry
was considered a diabolical art, and van Helmont was placed under
house arrest by the Inquisition until two years before his death.
Similarly, the Roman Inquisition was not too fond of an Italian
natural philosopher and mathematician named Galileo Galilei.71,72
He had the audacity to believe that the Earth was not the center
of the Universe. Problematic indeed, for if the Earth went around
the Sun, then not every word of the Bible would be correct. Joshua
(10:12–13) says that Joshua asked God to make the Sun stand still so
he could continue his fight. Thus the Sun must go around the Earth
and not vice versa. Like van Helmont, Galileo was placed under
house arrest in 1633. He might be pleased to learn that the Catholic
Church reversed its stand on his works in 1993.
Perhaps the condemnations inspired those interested in knowing
the nature of the world to turn to experiment. Aristotle had always
made a distinction between Art and Nature. According to Aristotle,
they had different final causes: Art resulted from human causes;
whereas Nature unfolded spontaneously due to natural causes. Thus
many people considered that an experiment could never be used to
understand Nature because an experiment was set up with human
ends in mind, not natural ends. Consequently, the conclusions
drawn from experiments designed to study Nature under artificial
conditions were not then considered to be as threatening to the
religious authorities as the conclusion drawn from the direct observation of natural phenomena. At this time, Francis Bacon published
his version of the scientific method, which specified a method
for observing Nature and accentuated the importance of building
limited generalizations based upon sound observational data.73,74
René Descartes,75 John Locke76 and David Hume77 emphasized
the importance of analysis, sensation and experience, respectively
for understanding the world. Following the introduction of experimental philosophy, science became extremely successful in describing
and explaining the world.78-81 Through the 17th and 18th centuries,
work by model scientists combined experimental methods and
natural philosophy to change our view of the world around us and
our view of life itself. Indeed, like Augustine and Thomas Aquinas,
these model scientists, including Kepler, Copernicus, Galileo, Robert
Boyle, Robert Hooke and Isaac Newton questioned nature in order
to understand the works of God.
While the Catholic Church must take responsibility for
discouraging the questioning of authorities and Nature though the
banning of books in the 13th century and the Inquisition in the 17th
century, the relationship between science and religion in general has
been mutually invigorating much like the relationship expounded
by Augustine when he said, “I believe so that I may understand”
and “I understand so I may believe.” The idea that the Church was
intolerant of science throughout history and that the free questioning
of nature is the province of universities was inaccurately82 and
unfairly83 portrayed in the 19th century by John William Draper84
and Andrew Dickson White.85,86
100

The power of scientific skepticism of the 19th century was evident
both scientifically and technologically through the growth of the
industrial revolution. Perhaps just as it seemed that science had
explained almost everything from the unity of energy to the unity
of organisms by such all-encompassing theories like the theory of
conservation of energy,87,88 the cell theory,89,90 and the theory of
evolution by natural selection,91 it was shown by Max Planck, Niels
Bohr, Albert Einstein, Werner Heisenberg, Erwin Schrödinger,
Louis de Broglie and others, that some of the “classic” theories used
to explain the nature of the world were limited.92-105 As a scientific
community, we are usually proud of these revolutionary model scientists for having the courage to question the widely accepted theories;
and having the experimental and/or mathematical means to show
that their new theories were better approximations of the truth than
the previous theories.
The 20th century saw an enormous growth in biological knowledge.
To a large extent we know how life continues from generation to
generation, and how the DNA in the nucleus is replicated in order
to fulfill this function.106 We know much about how the instructions
encoded by the DNA in the nucleus are transferred to the cytoplasm,
and brought to fruition by the action of proteins.107-109 We have
developed and subsequently overturned the “Central Dogma”,110
demonstrating that this dogma, like all others has its limitations. We
know much about the cellular localization of enzymes, and the function of organelles.111-114 We know much about how the chloroplast
uses the energy of sunlight to convert inorganic molecules like CO2,
H2O and NO2- into sugars and amino acids that are used to form
the molecules necessary for life.115,116 We know much about how
the mitochondrion converts the energy inherent in carbohydrate
molecules into ATP,117 the hydrolysis of which provides the energy
for almost every cellular reaction.118 We know much about how the
plasma membrane regulates what enters and leaves the cell so that the
cell can concentrate needed molecules, expel others, and maintain a
homeostasis in an ever-changing environment.119 We know much
about how the cell perceives external stimuli and converts them into
an adaptive response. We know to a large extent how specialized cells
like muscle cells, neurons, mesophyll cells and root hairs function
so that a whole organism can live.120,121 We know much about how
individuals and species adapt to, and cooperate and compete within
a community.122,123 We even know something about the origin of
life and the mechanism of evolution.124,125 To a large extent, if not
exclusively, these discoveries were made by independent model scientists, who used the best systems and techniques to answer a specific
question about the nature of life.
How many of these discoveries would have been made if the
model scientists were restricted by authorities to work on a few
“model systems”, to use a limited number of techniques or to do
research that would yield short-term economic profits? When we
think of this question, we wonder why so many job descriptions
specify that the successful applicant will use certain techniques and
“model organisms”. How can we change the focus from model organisms accepted ex cathedra to model scientists? We suggest that each
of us, individually, choose our own model scientists and find their
books and papers and read their own words. Then we should emulate
their spirit of discovery and their ability to discover new facts, make
new generalizations, and come up with new theories on the nature
of life. We should not just imitate their use of a certain technique or
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organism.4 Emulating their spirit of discovery takes a great deal of
personal courage.
In the new millennium, money has become the highest pontifical
authority in biology. Consequently, the study of biology in universities is changing, and change does not always equate with progress.
Ironically, biology has become “genomics”, a name intentionally
created to minimize any academic associations.126,127 Research in
the field of genomics or any other of the super-funded—omics
is capable of garnering enormous sums of money to universities
through indirect costs, patent royalties and licensing agreements and
this is of great interest to Deans, Provosts and Presidents. At many
universities, pecuniary interests have caused the administration to
usurp the traditional rights and responsibilities of the faculty to
determine the direction of their departments. Since the administrators may have a tendency to equate science that brings in vast sums
of money with excellent science, we believe that the future direction of science is in danger of being influenced more by pecuniary
instincts than the instincts of workmanship and curiosity.128-137 The
influence of pecuniary interests will reduce the “degrees of freedom”
necessary to discover new phenomena.138 Consistent with the cycles
of history, during this same period (September 15, 1998), Pope John
Paul II came out with an Encyclical Letter stating the primacy of
questioning. He wrote, “In effect, every philosophical system, while it
should always be respected in its wholeness, without any instrumentalization, must still recognize the primacy of philosophical enquiry,
from which it stems and which it ought loyally to serve.”
The transference of power from the scientific questioners to
the administration in determining the direction of science sends a
chilling message to all faculty members. That is, the first question
that must be asked when pursuing biological research will no longer
be, “How can we better understand the biological basis of life?” but
“Will the proposed research bring in a substantial amount of money
to the university through indirect costs, patent royalties and licensing
agreements?” We are in jeopardy of returning to the medieval ways
of merely copying, transcribing or perhaps embellishing existing
theories, albeit at great expense using high cost state-of-the-art
methods. A preoccupation with fundable, Apollonian science will
send a message to faculty and by example to our students—not to be
independent and wise thinkers worthy of our specific epithet, Homo
sapiens, but to work on projects whose results are certain enough
to garner large monetary rewards. After all, according to Albert
Szent-Györgyi, “A discovery must be, by definition, at variance
with existing knowledge.”22 And who in their right mind is going
to throw large sums of money at something that is at variance with
existing knowledge? The scientific Prometheans of the 17th–20th
centuries stunned their contemporaries with new insights into the
workings of the natural world. Ironically, contemporary science is in
danger of creating a cheerless variation of the Promethean myth:139
we, the beneficiaries of the knowledge of Nature, wrested for us by
the scientific Prometheans, are binding ourselves to the rocks, by
becoming sellers, rather than stealers of the unknown fire. To paraphrase Szent-Györgyi, the current policy may do its greatest harm
by making faculty and students avoid problems that do not have
short-term monetary benefits.23 We will be, according to Chargaff, a
faculty of “lost souls teaching the young to lose theirs.”140
Using science for the pursuit of individual or institutional wealth
is having an unintended consequence for science, particularly biology.
www.landesbioscience.com

As the recent Vioxx lawsuits show, academics are selling their names
and the integrity of their institutions to promote products.135,141 In
discussing David Michael’s new book, “Doubt is Their Product: How
Industry’s Assault on Science Threatens Your Health”, Sharon Begley
wrote in an article in Newsweek, “This book will shock anyone who
still believes that ‘science’ and ‘integrity’ are soulmates.”142 The news
is reporting to us that science is now in danger of being assaulted
from within.
Can this grim outcome be avoided? Probably. But only with a
reversion of our ideal of good science to “that which reveals the
underlying laws of Nature” from “that which attracts the most
funding.” We must recognize the distinction between, and the value
of both, Dionysian and Apollonian science,22 while acknowledging
that it is the Dionysian, the unfundable, science that will most likely
result in advances in our understanding of Nature.
I Think
I.
I think that I will never see
An Arabidopsis as beautiful as a pea.
I think that I will not discern
An Arabidopsis as beautiful as a fern.
I think I would be at a loss
To find an Arabidopsis as beautiful as a moss.
I think it will not come to pass
That I will see an Arabidopsis as beautiful as a grass.
I think that I will rarely gander
At an Arabidopsis as beautiful as a jacaranda.
I think that I will seldom notice
An Arabidopsis as beautiful as a lotus.
I think that I will never find.
An Arabidopsis as beautiful as a plant of ANY KIND!!!!!
II.
I think I’ll never get a grant
If I work on any other plant!
III.
It’s now fifteen years later and things have changed
But funding for science is still deranged.
I think that we would all be fools
to study plants—not biofuels.
-Randy Wayne
-Mark Staves
(From Poetry of the Vegetable World)

Communicative & Integrative Biology

101

Model scientists

Acknowledgements

We appreciate the discussions we have had with Helen and Roger
Spanswick, Carl Leopold, Sheila Blackman, Scott Wayne, Michael
Rutzke and Bruce Johnson.
Note

This paper is dedicated to Erwin Chargaff.
References
1. Bentham J. A Fragment on Government. London: Printed for Payne T, Elmsly P and
Brooke E 1776.
2. Chargaff E. In praise of smallness—How can we return to small science? Perspectives in
Biology and Medicine 1980; 370-85.
3. Haeckel E. Freedom in Science and Teaching. New York: D. Appleton and Co 1879.
4. Huxley TH. Universities: Actual and ideal. In: Huxley TH, ed. Science and Education. New
York: American Home Library Co., 1902; 165-201.
5. Einstein A. Builders of the Universe. From the Bible to the Theory of Relativity. Los
Angeles: The U.S. Library Associatio, Inc., 1932.
6. Sinnott EW. Science and the education of free men. American Scientist 1944; 32:205-15.
7. Priestley J. History and Present State of Discoveries Relating to Vision, Light and Colours.
Millwood: Kraus Reprint Co., 1978.
8. Palade GE. The organization of living matter. In: The Scientific Endeavor. New York: The
Rockefeller Press, 1963.
9. Chargaff E. Serious Questions. An ABC of Skeptical Reflections. Boston: Birkäuser, 1986.
10. Ellis RJ, ed. The Chaperonins. San Diego: Academic Press, 1996.
11. Clark WM. Leonor Michaelis: 1875–1949. Science 1950; 111:55.
12. Haldane JBS. Daedalus or Science and the Future. New York: E.P. Dutton and Co., 1924.
13. Russell B. Icarus or The Future of Science. New York: E.P. Dutton and Co., 1924.
14. Jennings HS. Prometheus or Biology and the Advancement of Man. New York: E.P. Dutton
and Co., 1925.
15. Sinnott EW. The Bridge of Life. New York: Simon and Schuster, 1966.
16. Hill AV. The Ethical Dilemma of Science and other Writings. New York: The Rockefeller
Institute Press, 1960.
17. Boyle R. The Sceptical Chymist or Chymico-Physical Doubts and Paradoxes. Oxford:
Printed by Henry Hall 1680.
18. Needham J. The Skeptical Biologist. New Haven: Yale University Press, 1930.
19. Feynman RP. The value of science. Engineering and Science 1955; 13-5.
20. Feynman RP. What is science? The Physics Teacher 1969; 313-20.
21. Fruton JS. A Skeptical Biochemist. Cambridge: Harvard University Press, 1992.
22. Szent-Györgyi A. Dionysians and Apollonians. Science 1972; 176:966.
23. Szent-Györgyi A. Research grants. Perspectives in Biology and Medicine 1974; 41-3.
24. Stevens NE. The fad as a factor in botanical publication. Science 1950; 75:499-504.
25. Chargaff E. Triviality in science: A brief meditation on fashions. Perspectives in Biology and
Medicine 1976; 324-33.
26. Locke J. Two Treatises of Government. New York: Hafner Publishing Co., 1947.
27. Priestley J. Essay on the First Principles of Government. London: J. Johnson, 1771.
28. Jefferson T. The Declaration of Independence. Great Books of the Western World. Vol. 43.
Chicago: Encyclopedia Britannica, Inc., 1952.
29. Cooper JF. The American Democrat. Indianapolis: Alfred A. Knopf, Inc., 1959.
30. Filmer R. Patriacha or the natural power of kings. In: Two Treatises of Government by John
Locke. New York: Hafner Publishing Co., 1947.
31. Hamilton E. The Echo of Greece. New York: W. W. Norton & Co., Inc 1957.
32. Szent-Györgyi A. Science needs freedom. World Digest of Current Fact and Comment
1943; 55:50.
33. Bush V. Vannevar Bush speaks. Science 1963; 142:1623.
34. Alberts BM. Limits to growth: In biology small science is good science. Cell 1985;
41:337-8.
35. Brady RA. The Spirit and Structure of German Fascism. New York: Citadel Press, 1971.
36. Stark J. The pragmatic and the dogmatic spirit in physics. Nature 1938; 141:770-2.
37. Sax K. Soviet biology. Science 1944; 99:298-9.
38. Baker JR. Science and the Planned State. McMillan, New York 1945.
39. Lysenko TD. Heredity and its Variability. Translated by. T. Dobzhansky. Morningside
Heights: King’s Crown Press, 1946.
40. Lysenko T. The Science of Biology Today. New York: International Publishers, 1948.
41. Lysenko TD. Agrobiology. Moscow: Foreign Languages Publishing House, 1954.
42. Kennedy JF. A Nation of Immigrants. New York: Harper and Row, 1964.
43. Fermi L. Illustrious Immigrants, 2nd Ed. Chicago: The University of Chicago Press,1971.
44. Kamen MD. Radiant Science, Dark Politics. A Memoir of the Nuclear Age. Berkeley:
University of California Press, 1985.
45. Cornford FM. The Republic of Plato. New York: Oxford University Press ,1945.
46. Dacier M. The Life of Pythagoras. Wellingborough: The Aquarian Press, 1981.
47. Osborn HF. From the Greeks to Darwin. New York: McMillan Co., 1908.
48. Burnet J. Greek Philosophy. Part I. Thales to Plato. London: McMillan and Co., 1928.

102

49. Cornford FM. Before and After Socrates. Cambridge: Cambridge University Press, 1932.
50. Russell B. Wisdom of the West. New York: Crescent Books, Inc., 1959.
51. Kaufmann W. Philosophical Classics. Thales to St. Thomas. Englewood Cliffs: PrenticeHall Inc., 1961.
52. Hale WH. The Horizon Book of Ancient Greece. New York: American Heritage Publishing
Co., Inc., 1965.
53. Hussey E. The Presocratics. Indianapolis: Hackett Publishing Co., Inc .,1972.
54. Lambridis H. Empedocles. A Philosophical Investigation. Tuscaloosa: University of
Alabama Press, 1976.
55. Barnes J, ed. The Complete Works of Aristotle. Princeton: Princeton University, 1984.
56. Galen. On the Natural Faculties. Great Books of the Western World, Vol. 10. Chicago:
Encyclopedia Britannica, Inc., 1952.
57. Lindberg DC. Science and the early church. In: Lindberg DC, Numbers RL, eds. God and
Nature. Historical Essays on the Encounter between Christianity and Science. Berkeley:
University of California Press, 1986; 19-48.
58. Lindberg DC. The Beginnings of Western Science. Chicago: The University of Chicago
Press, 1992.
59. Duhem PMM. Medieval Cosmology. Translated by Roger Ariew. Chicago: The University
of Chicago Press, 1985.
60. Crombie AC. The History of Science from Augustine to Galileo. New York: Dover
Publications, Inc., 1995.
61. Singer C. A Short History of Scientific Ideas to 1900. Oxford: The Clarendon Press, 1959.
62. Lindberg DC, ed. Science in the Middle Ages. Chicago: The University of Chicago
Press,1978.
63. Gamow G. Biography of Physics. New York: Harper and Row, 1961.
64. Aquinas T. The Summa Theologica. Great Books of the Western World, Vols. 19–20.
Chicago: Encyclopedia Britannica, Inc., 1952.
65. Grant E. Science and theology in the middle ages. In: Lindberg DC, Numbers RL, eds. God
and Nature. Historical Essays on the Encounter between Christianity and Science. Berkeley:
University of California Press, 1986; 49-75.
66. Shea WR. Galileo and the church. In: Lindberg DC, Numbers RL, eds. God and Nature.
Historical Essays on the Encounter between Christianity and Science. Berkeley: University
of California Press, 1986; 114-35.
67. Saunders JB deC, O’Malley CD. The Illustrations from the Works of Andreas Vesalius of
Brussels. Cleveland: The World Publishing Co., 1950.
68. Adelmann HB. The Embryological Treatises of Hieronymus Fabricius of Aquapendente.
Ithaca: Cornell University Press, 1942.
69. Harvey W. Anatomical Exercitations Concerning the Generation of Living Creatures.
Oxford: Printed by James Young, 1653.
70. Duran-Reynals ML. The Fever Bark Tree. New York: Doubleday and Company, 1946.
71. Brecht B. Galileo. Translated by Charles Laughton. New York: Grove Press, Inc., 1966.
72. Fermi L, Bernardini G. Galileo and the Scientific Revolution. Greenwich: Fawcett
Publications, Inc., 1961.
73. Bacon F. The Novum Organon. Or A True Guide to the Interpretation of Nature.
Translated by Rev. Kitchin GW. Oxford: Oxford University Press, 1855.
74. Wilson EB Jr. An Introduction to Scientific Research. New York: McGraw-Hill Publishing
Co., Inc., 1952.
75. Descartes R. Discourse on Method, Optics, Geometry and Meteorology. Translated by Paul
J. Olscamp. Indianapolis: Bobbs-Merrill Co., Inc., 1865.
76. Locke J. An Essay Concerning Human Understanding. Great Books of the Western World.
Vol. 35. Chicago: Encyclopedia Britannica, Inc., 1952.
77. Hume D. An Enquiry Concerning Human Understanding. Great Books of the Western
World. Vol. 35. Chicago: Encyclopedia Britannica, Inc., 1952.
78. Arago F. Biographies of Distinguished Scientific Men. Boston: Ticknor and Fields 1859.
79. Whitehead AN. Science and the Modern World. New York: McMillan Co., 1925.
80. Westfall RS. The Construction of Modern Science. Mechanisms and Mechanics. Cambridge:
Cambridge University Press, 1977.
81. Hankins TL. Science and the Enlightenment. Cambridge: Cambridge University Press,
1985.
82. Russell JB. Inventing the Flat Earth. Columbus and Modern Historians. New York: Praeger,
1991.
83. Principe LM. Science and Religion. Chantilly: The Teaching Company, 2006.
84. Draper JW. History of the Conflict between Religion and Science. New York: D. Appleton
and Co., 1898.
85. White AD. The Warfare of Science. Second Edition. London: Henry S. King, 1877.
86. White AD. A History of the Warfare of Science with Theology in Christendom. New York:
D. Appleton and Co., 1896.
87. Grove WR, Helmholtz H, Mayer JR, Faraday M, Liebig J, Carpenter WB, Youmans
EL. The Correlation and Conservation of Forces. A Series of Expositions. New York: D.
Appleton and Co., 1867.
88. Harman PM. Energy, Force and Matter. The Conceptual Development of NineteenthCentury Physics. Cambridge: Cambridge University Press, 1982.
89. Dutrochet MH. Recherches Anatomiques et Physiologiques sur La Structure Intime des
Animaux et des Végétaux et sur Leur Motilité. Paris: Chez J. B. Baillière, 1824.
90. Schleiden MJ. Poetry of the Vegetable World. A Popular Exposition of the Science of Botany
and its Relations to Man. Cincinnati: Moore, Anderson, Wilstach and Keys, 1853.

Communicative & Integrative Biology

2008; Vol. 1 Issue 1

Model scientists

91. Darwin C. On the Origin of Species by Means of Natural Selection, or The Preservation of
Favoured Races in the Struggle for Life. London: J. Murray, 1860.
92. Heisenberg W. The Physical Principles of the Quantum Theory. Translated by Carl Eckart
and Franck C. Hoyt. New York: Dover Publications, Inc., 1930.
93. Heisenberg W. Physics and Philosophy. New York: Harper and Row, 1958.
94. Heisenberg W. Physics and Beyond. Encounters and Conversations. Translated by Arnold J.
Pomerans. New York: Harper and Row, 1971.
95. Heisenberg W. Across the Frontiers. Translated by Peter Heath. New York: Harper and Row,
1974.
96. Heisenberg W. Philosophical Problems of Quantum Physics. Woodbridge: Ox Bow Press,
1979.
97. Einstein A, Infeld L. The Evolution of Physics. New York: Simon and Schuster, 1938.
98. Bohr N. On the notions of causality and complementarity. Science 1950; 111:51-4.
99. Bohr N. Atomic Physics and Human Knowledge. New York: John Wiley and Sons, Inc.,
1958.
100. Einstein A. Out of My Later Years. New York: Philosophical Library, 1950.
101. de Broglie L. The Revolution in Physics. Translated by Ralph W. Niemeyer. New York:
Farrar, Straus & Cudaby 1953.
102. de Broglie L. Physics and Microphysics. Translated by Martin Davidson. New York: Harper
& Brothers 1955.
103. Schrödinger E. What is Life? and Other Scientific Essays. Garden City: Doubleday and Co.,
Inc., 1956.
104. Schrödinger E. Science Theory and Man. New York: Dover Publications, Inc 1957.
105. Schrödinger E. Nature and the Greeks and Science and Humanism. Cambridge: Cambridge
University Press, 1996.
106. Kornberg A. For the Love of Enzymes. The Odyssey of a Biochemist. Cambridge: Harvard
University Press, 1989.
107. Brachet J. Molecular Cytology. Orlando: Academic Press, 1985.
108. Fruton JS. Molecules and Life: Historical Essays on the Interplay of Chemistry and Biology.
New York: Wiley, 1972.
109. Reinberger HJ. Toward a History of Epistematic Things. Synthesizing Proteins in a Test
Tube. Stanford: Stanford University Press, 1997.
110. Crick F. Central dogma of molecular biology. Nature 1974; 227:561-3.
111. Claude A. Studies on cells: morphological, chemical constitution and distribution of biochemical functions. Harvey Lectures 1948; 43:121-64.
112. Claude A. The coming of age of the cell. Science 1975; 189:433-4.
113. Palade GE. Intracellular aspects of the processing of protein synthesis. Science 1975;
189:347-58.
114. de Duve C. A Guided Tour of the Living Cell. Vols I–II. New York: Scientific American
Books, 1981.
115. Hill R, Whittingham CP. Photosynthesis. London: Methuen & Co., Ltd., 1955.
116. Calvin M, Bassham JA. The Photosynthesis of Carbon Compounds. New York: W.A.
Benjamin, Inc., 1962.
117. Krebs HA. Hans Krebs: Reminiscences and Reflections. Oxford: Clarendon Press, 1981.
118. Lipmann F. Wanderings of a Biochemist. New York: Wiley-Interscience, 1971.
119. Hodgkin AF. Chance and Design: Reminiscences of Science in Peace and War. Cambridge:
Cambridge University Press, 1992.
120. Leopold AC, Kriedemann PE. Plant Growth and Development. New York: McGraw-Hill,
1975.
121. Eckert R. Animal Physiology, 3rd Ed. With D. Randall and G. Augustine. New York: W.H.
Freeman and Co., 1988.
122. Odum EP. Fundamentals of Ecology, 3rd Ed. Philadelphia: W.B. Saunders Co., 1971.
123. Wilson EO. Sociobiology. Cambridge: Harvard University Press, 1975.
124. Bernal JD. The Origin of Life. Cleveland: The World Publishing Co., 1967.
125. de Duve C. Blueprint for a Cell: The Nature and Origin of Life. Burlington: Neil Patterson
Publ., 1991.
126. McKusick VA, Ruddle FH. A new discipline, a new name, a new journal. Genomics 1987;
1:1-2.
127. McKusick VA, Kucherlapati RS, Ruddle FH. Genomics: Stock-taking after 5 years.
Genomics 1993; 15:1-2.
128. Veblen T. The Theory of the Leisure Class. New York: MacMillan Co., 1912.
129. Veblen T. The Higher Learning in America. A Memorandum on the Conduct of Universities
by Business Men. New York: Augustus M. Kelley, 1965.
130. Kenney M. Biotechnology: The University-Industrial Complex. New Haven: Yale University
Press, 1986.
131. Chargaff E. In dispraise of reductionism. BioScience 1997; 47:795-7.
132. Bok D. Universities in the Marketplace: The Commercialization of Higher Education.
Princeton: Princeton University Press, 2003.
133. Krimsky S. Science in the Private Interest. Lanhan: Roman and Littlefield, 2003.
134. Angell M. The Truth about the Drug Companies: How They Deceive Us and What to Do
about it. New York: Random House, 2004.
135. Kassirer JP. On the Take: How America’s Complicity with Big Business Can Endanger Your
Health. New York: Oxford University Press, 2005.
136. Washburn J. University, Inc.,: The Corporate Corruption of Higher Education. New York:
Basic Books, 2006.

www.landesbioscience.com

137. Greenberg DS. Science for Sale: The Perils, Rewards and Delusions of Campus Capitalism.
Chicago: The University of Chicago Press, 2007.
138. Rasmussen C, Tilman R. Jacques Loeb: His Science and Social Activism and their
Philosophical Foundations. Philadelphia: American Philosophical Society, 1998.
139. Aeschylus. Prometheus Bound. Great Books of the Western World, Vol, 5. Chicago:
Encyclopedia Britannica, Inc., 1952.
140. Chargaff E. Heraclitian Fire: Sketches from a Life before Nature. New York: Rockefeller
University Press, 1978.
141. Saul S. Merck wrote drug studies for doctors. New York Times 2008; April 16. [http://www.
nytimes.com/2008/04/16/business/16vioxx.html?ex=1366516800&en=bac2966976c2b3c
c&ei=5124&partner=permalink&exprod=permalink]
142. Begley S. Whitewashing toxic chemicals. Newsweek 2008; May 12: 39. [http://www.newsweek.com/id/135408]

Communicative & Integrative Biology

103

