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Lehninger 1970 Worth 6,000 2
Lehningar 1982 Wonh 7,000 2
Lehninger et al. 1993 Worth 8,000 2
Devin 1982 John Wiley & Sor.s 3,500 0
Devlin 1986 John Wilay & Sons 2.500 0
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Stryer 1995 Freeman 4,000 9
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2. Johnson, P E. (1991) Darwin on Trial, Regnery Gateway, Washington,
DC, chap. 5; Mayr, E. (1991) One Long Argument, Harvard University
Press, Cambridge, MA, pp. 35-39.
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1. By biochemistry | mean to include all sciences that investigate life at
the molecular level, even if the science is done in a department with
another name, such as molecular biology, genetics, or embryology.

2. The historical sketch presented here draws mainly from Singer, C.
(1959) A History of Biology, Abelard-Schuman, London. Additional
sources include Taylor, G. R. (1963} The Science of Life, McGraw-Hill,
New York; and Magner, L. N. (1979) A History of the Life Sciences,
Marcel Dekker, New York.

3. Described in Weiner, J. (1994) The Beak of the Finch, Vintage Books,
New York.

4. Darwin, C. (1872) Origin of Species, 6th ed. (1988), New York

University Press, New York, p. 151.

5. A good summary of the biochemistry of vision can be found in Devlin,
T. M. (1992) Textbook of Biochemistry, Wiley-Liss, New York, pp. 938-
954,

6. For example, as the expected pattern left by speciation events that
occurred in isolated populations.

7. Farley, J. (1979) The Spontaneous Generation Controversy from
Descartes to Oparin, Johns Hopkins University Press, Baltimore, p. 73.
8. Mayr, E. (1991) One Long Argument, Harvard University Press,

Cambridge, chap. 9.
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1. Mann, C. (1991) «Lynn Margulis: Science's Unruly Earth Mother,»
Science, 252, 378-381.
2. Eldredge, N. (1995} Reinventing Darwin, Wiley, New York, p. 95.

- ¥\ —
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Alternative to Phyletic Gradualism» in Models in Paleobiology, ed. T. ).
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Bang or a Whimper?» Scientific American, June 1992, pp. 30-31.
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6. McDonald, J. F. {1983) «The Molecular Basis of Adaptation,» Annual
Review of Ecology and Systematics 14, 93.

7. Miklos, G. L. G (1993) «Emergence of Organizational Complexities
During Metazoan Evolution: Perspectives from Molecular Biology,
Paleontology and Neo-Darwinism,» Memoirs of the Association of
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8. Orr, H. A., and Coyne, J. A. (1992) «The Genetics of Adaptation: A
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Moorhead and M. M. Kaplan, Wistar Institute Press, Philadelphia, p. vii.

12. Schiitzenberger, M. P. (1967) «Algorithms and the Neo-Darwinian
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13. Kauffman, S. (1993) The Origins of Order, Oxford University Press,
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14, Smith, J. M. (1995) «Life at the Edge of Chaos?» New York Review,
March 2, pp. 28-30.

15. Mivart, St. G. (1871) On the Genesis of Species, Macmillan and Co.,
London, p. 21.
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1. A good general introduction to cilia can be found in Voet, D., and Voet,
J. G. (1995) Biochemistry, 2nd ed., John Wiley and Sons, New York, pp.
1253-1259.

2. There are also other connectors in this system. For example, the
contacts the dynein arm makes with the microtubule also serve as a
connector. As mentioned previously, a system can be more complex
than the simplest system imaginable, and the cilium is an example of
such a system.

3. Cavalier-Smith, T. (1978) «The Evolutionary Origin and Phylogeny of
Microtubules, Mitotic Spindles, and Eukaryote Flagella,» BioSystems,
10, 93-114.

4. Szathmary, E. (1987) «Early Evolution of Microtubules and
Undulipodia,» BioSystems, 20, 115-131.

5. Bermudes, D., Margulis, L., and Tzertinis, G. (1986) «Prokaryotic Origin
of Undulipodia,» Annals of the New York Academy of Science, 503, 187-
197.

6. Cavalier-Smith, T. (1992) «The Number of Symbiotic Origins of
Organelles», BioSystems, 28, 91-106; Margulis, L. (1992) «Protoctists
and Polyphyly: Comment on 'The Number of Symbiotic..." by T.
Cavalier-Smith,» BioSystems, 28, 107-108.
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7. A search of Science Citation Index shows that each paper receives an
average of less than one citation per year.

8. A good general introduction to flagella can be found in Voet and Voet,
pp. 1259-1260. Greater detail about the flagellar motor can be found in
the following: Schuster, S. C.,, and Khan, S. (1994) «The Bacterial
Flagellar Motor,» Annual Review of Biophysics and Biomolecular
Structure, 23, 509-539; Caplan, S. R., and Kara-lvanov, M. {1993) «The
Bacterial Flagellar Motor,» International Review of Cytology, 147, 97-
164.

9. Voet and Voet, p. 1260.

@‘J‘“ J.a.ﬁ.’\

1. A good general introduction to blood coagulation can be found in
Voet, D., and Voet, J. G. (1995) Biochemistry, John Wiley & Sons, New
York, pp. 1196-1207. For more detailed descriptions see any of the
following: Furie, B., and Furie, B. C. (1988) «The Molecular Basis of
Blood Coagulation,» Cell, 53, 505-518; Davie, E. W., Fujikawa, K., and
Kisiel, W. (1991) «The Coagulation Cascade: Initiation, Maintenance,
and Regulation,» Biochemistry, 30, 10363-10370; Halkier, T. (1991)
Mechanisms in Blood Coagulation, Fibrinolysis and the Complement
System, Cambridge University Press, Cambridge, England.

2. The suffix -ogen designates the inactive progenitor of an active
molecule.

3. The word factor is often used during research when it is not certain
what the nature of a substance under investigation is—whether
protein, fat, carbohydrate, or something else. Even after its identity is
pinned down, however, sometimes the old name continues to be used.
in the blood-clotting pathway, all «factors» are proteins.

4. A gene is a portion of DNA that instructs the cell how to make a
protein.

5. Doolittle, R. F. (1993) «The Evolution of Vertebrate Blood Coagulation:
A Case of Yin and Yang,» Thrombosis and Haemostasis, 70, 24-28.

6. The proteins involved in blood clotting are frequently referred to by
Roman numerals, such as Factor V and Factor VIIl. Doolittle uses that
terminology in his article in Thrombosis and Haemostasis. For clarity
and consistency 1 have used the common names of the proteins in the
quotation.
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7 TPA has a total of five domains. Two dome.1s, however, are of the
same type.

8. The odds are not decreased if the domains are hooked together at

different times—with domains 1 and 2 coming together in one event,

then later on domain 3 joining them, and so on. Think of the odds of «
picking four black balls from a barrel containing black balls and white
balls. If you take out four at once, or take two at the first grab and one
apiece on the next two grabs, the odds of ending up with four black balis
are the same.

9. This calculation is exceedingly generous. It only assumes that the four
types of domains would have to be in the correct linear order. in order
to work, however, the combination would have to be located in an
active area of the genome, the correct signals for splicing together the
parts would have to be in place, the amino acid sequences of the four
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phenomenon and explaining that phenomenon in a lawlike way. . . .
Galileo and Newton took themselves to have established the existence
of gravitational phenomena, long before anyone was able to give a
causal or explanatory account of gravitation. Darwin took himself to
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1. What exactly is «intelligent design? In an article in 2001 in the
philosophy of science journal, Biology and Philosophy, | made an
important distinction: «By [intelligent designl someone might mean
that the laws of nature themselves are designed to produce life and the
complex systems that undergird it. Without commenting on the merits
of the position, let me just say that that is not the meaning | assign to
the phrase. By «intelligent design» (ID) | mean to imply design beyond
the laws of nature. That is, taking the laws of nature as given, are there
other reasons for concluding that life and its component systems have
been intentionally arranged, just as there are reasons beyond the laws
of nature for concluding a mousetrap was designed? [Unless stated
otherwise] whenever | refer to ID | mean this stronger sense of design-
beyond-laws.»

2. The term «irreducible complexity» occurred to me independently.
However, I've since learned that the phrase was used earlier in
Templets and the Explanation of Complex Patterns (Cambridge
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and the remainder of the trap that's being used as a paperweight were
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purposes? No, it doesn't. The example is artificial; like Robert
Pennock's chronometer breaking to give a watch, it doesn't reflect the
situation that would be expected to confront Darwinian evolution. The
example overlooks the fact that the parts were originally taken from
the mousetrap, and were already shaped to perform the job they do in
the mousetrap. But evolution would not be expected to pre-adapt
parts being used for one purpose to a wholly different, complex second
purpose. To see the difficulty, imagine trying to put together a
mousetrap from a real toothpick and real paperweight that you buy at
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«Consider a hypothetical example where proteins homologous to all
of the parts of an irreducibly complex molecular machine first had
other individual functions in the cell. Might the irreducible system then
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worked on their own, as some Darwinists have proposed?
Unfortunately this picture greatly oversimplifies the difficulty, as |
discussed in Darwin's Black Box {Behe 1996, p. 53) Here analogies to
mousetraps break down somewhat, because the parts of a molecular
system have to automatically find each other in the cell. They can't be
arranged by an intelligent agent, as a mousetrap is. To find each other
in the cell, interacting parts have to have their surfaces shaped so that
they are very closely matched to each other, such as pictured in Figure
2. Originally, however, the individually acting components would not
have had complementary surfaces. So all of the interacting surfaces of
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A cartoonish effort to gradually construct a mousetrap while keeping
the function of trapping mice constant from the start was mounted on
the Internet by University of Delaware biologist John McDonald. -
However, as | pointed out in a reply, the effort is steeped in intelligent
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http://udel.edu/~mcdonald/mousetrap.html. His original version is at
http://udel.cdu/~mcdonald/oldmousetrap.html. My response,

detailing the involvement of intelligence, is available at
www.arn.org/docs/behe/mb_mousetrapdefended.htm)
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speculative (after all, the cilium is made of 200 parts), his story doesn't
even square with the data. As reported in the paper mentioned above
(Mitchell, 2004),

All present day cilia and (eukaryotic, not bacterial] flagella, motile or not,

clearly evolved from the 9+2 versions. The rarely encountered motile

14+0, 1240, 940, 6+0, or 3+0 axonemes 1/4 , and the widespread non-

motile metazoan 9+0 axonemes, are all derived through loss and

modification from ancestral 9+2 organelles.
In other words, like Robert Pennock's less-complex watch that is
derived from a more-complex chronometer, variant less-complex cilia
appear to be derived from the standard more-complex kind of cilium.
Needless to say, it is no Darwinian explanation-not even a vague one-to
postulate derived, less-functional simplicity from unexplained, more-
functional complexity.

26. Macnab R. M. (2003), «How Bacteria Assemble Flagella,» Annual
Review Microbiology 57:77-100.

27. Pallen M. J., Beatson S. A, and Bailey C. M. (2005), «Bioinformatics,
Genomics and Evolution of Non-flagellar Type-lll Secretion Systems: A
Darwinian Perspective.» FEMS Microbiol Rev. 29:201-229.

28. Klein J., and Nikolaidis N. (2005), «The descent of the antibody-based
immune svstem by gradual evolution,» Pro. National Academy of
Science USA 102:169-174.

29. The authors have an expansive idea of «gradual,» whereby they
count the first appearance of any category of protein as sufficient to
explain whatever activity a member of the category is now involved in.
That's kind of like saying that the springs in a mattress explain the
springs in a clock.

30. Davidson C. )., Hirt R. E, Lal K., Snell P. Elgar G., Tuddenham E. G., and
McVey J. H. (2003), «Molecular Evolution of the Vertebrate Blood
Coagulation Network,» Thromb Haemost 89:420-428.

31. Some commentators have claimed that evolutionary theory has
moved beyond Darwin, and that mechanisms other than natural
selection are operative in biology. Other mechanisms, however, are
irrelevant. In trying to explain apparent design, only natural selection
matters. Here's Jerry Coyne himsclf making that point: ’

Since 1859, Darwin's theories have been expanded, and we now
know that some cvolutionary change can be caused by forces other
than natural selection. For cxample, random and non-adaptive changes
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in the frequencies of different genetic variants-the genetic equivalent
of coin-tossing-have produced evolutionary changes in DNA sequences.
Yet selection is still the only known evolutionary force that can produce
the fit between organism and environment (or between organism and
organism) that makes nature seem «designed» [emphasis added].
Coyne, J. A. (2005), «The Case Against Intelligent Design. The Faith That
Dare Not Speak Its Name,» The New Republic, August 22.

32. Coyne.

33. Shapiro, J. (1996), «In the Details . . . What?» National Review, Sept.
16, 62-65. Shapiro's judgment is seconded by Colorado State University
emeritus professor of biochemistry Franklin Harold in his book The
Way of the Cell (Oxford, 2001): «. . .we must concede that there are
presently no detailed Darwinian accounts of the evolution of any
biochemical system, only a variety of wishful speculations.»

34. Abbott A. (2005), «Nobel laureates: Close encounters,» Nature

436:170-171.
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