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Ernst Haeckel 
(1834-1919) 

Haeckel, Ernst. Kunst-Formen der Natur. Leipzig und Wien: Bibliographisches Institut, 1889–1904. © Leipzig und Wien: Bibliographisches Institut. All 
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A fitness landscape, mapping abstract space of possible adaptation 

Figure 2 from "A Very Short Introduction to EvoSysBio." Evolutionary Systems Biology. © Evolutionary Systems Biology. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 
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D’Arcy Wentworth Thompson 
(1860-1948) 
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Stéphane Leduc 
(1853-1939) 

Life is “conditioned by form, that 
is, the external, internal and 

molecular forms of the living 
being.” 

Leduc, Stéphane. La biologie synthétique, étude de biophysique. A. Pionat, 1912. © A. Pionat. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 
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Charles Darwin 
(1809-1882), 

painted by one of his children 
on an envelope 
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Erwin Schrödinger 
(1887-1961) 

“The chromosome structures are at 
the same time instrumental in 

bringing about the development they 
foreshadow. They are code law and 
executive power, or to use another 
simile, they are the architect’s plan 

and the builder’s craft in one” 
Schrödinger, Erwin. What is Life?: The Physical Aspect of the Living Cell. Cambridge University Press, 1944. © Cambridge University Press. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 
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Rosalind Franklin and her 
X-ray diffraction image of
DNA, 1952

Image by A. Barrington Brown. © Gonville & Caius Library/Science Photo Library. All rights reserved. This content is 
excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

James Watson and Francis Crick 
with their DNA model at the 
Cavendish Laboratories in 1953. 
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Crick, F.H.C., Leslie Barnett, et al. "General Nature of the Genetic Code for 
Proteins." Nature 192 (1961): 1227–32. © Springer Nature Limited. All 
rights reserved. This content is excluded from our Creative Commons 
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Nirenberg, M., P. Leder, et al. "RNA Codewords and Protein Synthesis, VII. On the General Nature of the RNA Code." PNAS 53, 
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Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

10

https://mitocw.zendesk.com/hc/en-us/articles/4414756000539-What-is-the-Code-of-Best-Practices-in-Fair-Use-for-OpenCourseWare-
https://mitocw.zendesk.com/hc/en-us/articles/4414756000539-What-is-the-Code-of-Best-Practices-in-Fair-Use-for-OpenCourseWare-
https://www.nature.com/articles/1921227a0
https://www.nature.com/articles/1921227a0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC301388/


 
 

  

Examples of idea of “preformation” 

Hartsoeker, Nicolaas. Essay de dioptrique. Jean Anisson,1694. © Jean Anisson. All rights 
reserved. This content is excluded from our Creative Commons license. For more information, This image is in the public domain: Source: Wikimedia Commons. 
see https://ocw.mit.edu/help/faq-fair-use/. 

Hartsoeker, Nicolaas. 1694. 19th-century engraving of 
Essay de dioptrique. Paris: Wagner and Homunculus from 
Jean Anisson, 230. Goethe's Faust II 
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Aristotle (384-322 BCE) 

“The male provides the ‘form’ and 
the ‘principle of movement’, the 

female provides the body, in other 
words, the material” (I.XX.729a). 

Aristotle. Generation of Animals. Translated by A.L. Peck. Harvard University Press, 1943. 
© Harvard University Press. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 
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Lily Kay 
(1947-2000) 

Kay, Lily E. Who Wrote the Book of Life?: A History of the Genetic Code. Stanford University 
Press, 2000. © Stanford University Press. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 
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Francis Collins, Director of National 
Institutes of Health, Bethesda, 

Maryland, United States. 

Collins, Francis S. The Language of God: A Scientist Presents Evidence for Belief. Free Press, 2007. 
© Free Press. All rights reserved. This content is excluded from our Creative Commons license. For 
more information, see https://ocw.mit.edu/help/faq-fair-use/. 
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PP LV H WIH"

PXEOLVKHG LQ ��08 E\

PHWHU F . 6ZLQJ

0DQ\ ZRUGV DUH IRXQG LQ GLFWLRQDULHV ZKLFK VKRZ DW�

WULEXWHV RI OLIH. 2 I WKHVH, WKH ZRUG HQHUJ\ VHHPV WKH

PRVW DSSURSULDWH. TKDW ZKLFK LV DOLY H EHFRPHV GHDG

ZKHQ LW FHDVHV WR KDY H PRWLRQ, RU ZKHQ DOO HQHUJ\ LV JRQH

DQG LW LV VWLOO. : KDW LV HQHUJ\" PRZHU, IRUFH, PRWLRQ.

H RZ PDQ\ IRUFHV RU SRZHUV DUH WKHUH LQ WKH XQLY HUVH૲

RQH RU PDQ\" $QG, LI PDQ\, ZKDW DUH WKH\" ,W LV P\

EHOLHI WKHUH LV EXW RQH HQHUJ\, RU IRUFH, LQ WKH XQLY HUVH,

DQG IURP WKH QDWXUH RI WKLQJV WKHUH FDQ EH EXW RQH. : K\

PRUH WKDQ RQH" ,I PRUH WKDQ RQH, PLJKW WKH\ QRW FRPH

LQ FRQIOLFW"

: H VHH PDQLIHVWDWLRQV RI IRUFH RQ DOO VLGHV૲ WKH ZLQGV,

WKH WLGHV, IORZLQJ ZDWHU, VWHDP, WKH H[ SORVLRQ RI JDVHV,

HDUWKT XDN HV, Y XOFDQLVP, WKH SUHVVXUH RI WKH DLU, JUDY LWD�

WLRQ, OLY LQJ EHLQJV, WKH OLIWLQJ RI ZDWHU RXW RI WKH RFHDQ

DQG LWV UHWXUQ WR WKH HDUWK, WKH H[ SDQVLRQ RI VXEVWDQFHV,

EHDVWV, IRZOV, ILVKHV DQG JURZLQJ Y HJHWDWLRQ.

L HW XV DQDO\]H WKHVH VR�FDOOHG IRUFHV DQG VHH ZKHWKHU

WKH\ DUH WUXH IRUFHV, SRVVHVVLQJ SRZHU RI DFWLRQ, RU

ZKHWKHU WKH\ DUH UHVXOWDQWV RU PDQLIHVWDWLRQV RI RWKHU

IRUFHV.

TDN H WKH SRZHU RI WKH ZLQGV. ,V WKDW DQ LQGHSHQGHQW

HQHUJ\" TKH ZLQG LV VLPSO\ DLU SXW LQ PRWLRQ E\ VRPH

�

*
H
Q
H
UD

WH
G

IR
U 

$
OP

D
6
WH

LQ
J
D
UW

 (
0

D
VV

D
FK

X
VH

WW
V

,Q
VW

LW
X
WH

 R
I 

T
H
FK

Q
R
OR

J
\

R
Q

2
0

�
�

�0
�

�0
�

 �
8

:�
�

 *
0

T
�

K
WW

S
:�

�K
G
O.
K
D
Q
G
OH

.Q
H
W�

2
0

2
�

�Q
\
S
.�

�
4

�
�

0
8

�
�

4
6

0
�

8
P
X
E
OLF

D
R
P

D
LQ

,
*

R
R
J
OH

�G
LJ

LW
L]

H
G

�
K
WW

S
:�

�Z
Z

Z
.K

D
WK

LW
UX

VW
.R

UJ
�D

FF
H
VV

BX
VH

�
S
G
�J

R
R
J
OH

BOOK REVIEWS

WHAT IS LIFE? By Augusta Gaskell. C. C. Thonmas, Springfield, Ill., and
Baltimore, Md., I928.
A cat may look at a king-with evident satisfaction- even

though it may not fully understand all phases of the Doctrine of
Divine Right. In much the same way the man with ordinary
scientific training may read "What is Life," even though he be not
versed in the profundities of atomic physics or biology. Appar-
ently the author anticipated some slight struggle in the mind of
the general reader, for the text is prefaced by statements from Karl
T. Compton, who avers that the "discussion of modern atomic
physics is accurate," and from Raymond Pearl, who writes that the
"discussions of various biological problems, particularly that of
evolution, have a refreshing novelty and shrewdness which gives
them a value by no means negligible." Being thus dispossessed of the
right, or the necessity, of forming an opinion as to the validity of
the facts adduced, the reader is free to direct his entire energy to
an effort at interpretation.

The organism is a dual system, an atomic system which is
material-the body of the organism,-and an intraatomic system,
immaterial, a quantity,-life. Both systems are formed of the
same ultimate constituents, differing in pattern. The living state
is due to the presence of quantity within the atomic system and
death, naturally, is but the separation of these systems. But living
beings are characterized by certain attributes, psychic properties
more or less individual, and species specific characteristics indicative
of developmental changes. These also are referable to the manner
in which the intraatomic pattern is formed of the ultimate units.
Given a critical concentration of ions on the earth the establishment
of the dual system was, and is, inevitable. The constitution and
dynamics of the atom and the electron necessitate a readjustment
of equilibrium, with life the result. A corollary to this explana-
tion of the origin of life is, to quote, "a critical concentration of
ions, following trauma or other injury to cell structure is the cause
of cancer and of other neoplasms."

Such is the answer given to the question "What is Life?" and
with no hesitancy it may be predicted that there will be no lack
of scientists for whom this answer will seem inadequate. It may
even be anticipated that the ghosts of the long-departed philosophers
will be marshalled to refute the doctrines of atomic physics, and,

425

Clarke, Beverly L. "What Is Life? The Puzzling Phenomenon Called 'Life' Is Being Studied by Means of a Working Model of a Living Plant Cell." 
Scientific American 134, no. 2 (1926): 82–83. © Scientific American, a Division of Springer Nature America, Inc. All rights reserved. This content 
is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/.

Stevenson, Emma Reh. "What Is Life? Fascinating Pseudo-cells Which Display the Non-Living Features of Protoplasm May be Made by the Amateur
With a Few Chemicals." Scientific American 140, no. 1 (1926): 18–19. © Scientific American, a Division of Springer Nature America, Inc. All rights 
reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/.
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Life is a pattern in spacetime, rather than a specific material object. 

Self-reproduction, if not in the organism itself, at least in some related 
organisms. 

Information storage of a self-representation, e.g. DNA molecules. 

A metabolism which converts matter and energy from the environment. 

Functional interactions with the environment. 

Interdependence of parts. 

Stability under perturbations and insensitivity to small changes. 

The ability to evolve. Not a property of an individual organism, but of 
its lineage. 
Farmer, J. Doyne, and Alletta d’A. Belin. ”Artificial Life: The Coming Evolution.” In Artificial Life II. Edited by by Christopher G. Langton, Charles Taylor, J. Doyne Farmer, and Steen Rasmussen. Westview 
Press, 2003. © Westview Press. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 
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Francisco Varela (1946-2001) and 
Humberto Maturana (1928-2021) 

"An autopoietic [system] … is a 
machine organized (defined as a unity) 
as a network of processes of 
production (transformation and 
destruction) of components which: (i) 
through their interactions and 
transformations continuously 
regenerate and realize the network of 
processes (relations) that produced 
them.” 

Maturana, Humberto R. and Francisco J. Varela. Autopoiesis and Cognition: The Realization of the 
Living. D. Reidel Publishing Company, 1980. © D. Reidel Publishing Company. All rights reserved. 
This content is excluded from our Creative Commons license. For more information, see     
https://ocw.mit.edu/help/faq-fair-use/. 
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Image by Javier Pedreira on Wikimedia Commons. License CC BY. 

Lynn Margulis 
(1938-2011) 

“Life — from bacterium to biosphere 
— maintains by making more of 

itself.” Life “moves and expands 
incessantly.” “Life is edible, lovable, 

Margulis, Lynn and Dorion Sagan. What Is Life? University of California Press, 2000. © University of lethal.” 
California Press. All rights reserved. This content is excluded from our Creative Commons license. For 
more information, see https://ocw.mit.edu/help/faq-fair-use/. 
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Lynn Margulis 
(1938-2011) 

Margulis, Lynn. Symbiosis in Cell Evolution. W.H. Freeman & Company, 1981. © W.H. Freeman & Company. All rights reserved. 
This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 
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© Source unknown. All rights reserved. This content is excluded from our Creative 
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“I consider this the minimal life form — having the smallest 
number of genes that can make life from light and only 
inorganic compounds. It is the essence of Life.” 

Penny Chisholm, 2004 
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Image courtesy of NASA. This image is in the public domain. 

“think of life as something with properties similar at all scales, 
a system of self-stabilizing networks. Life is a hierarchy of 
living systems.” 

Penny Chisholm, 2004 
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paper presented at Proceedings of the World Congress of the Žukauskaitė, Audronė. "Gaia Theory: Between Autopoiesis and Sympoiesis." Problemos 98 
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“Astrobiology is an interesting mixture of scientific processes. One 
emerges from the historical sciences that make up a large part of the 
astrobiology enterprise: astronomy, ecology, field biology, geology, 
oceanography, paleontology, and others. The events being investigated 
have happened, and it is the task of the scientists to tell the explanatory 
story. It is inductive science in that the data are collected first and then 
the hypothesis is formulated. . . . A second scientific approach emerges 
from the ethos of contemporary medical/biological research. It is 
deductive in the sense that it is hypothesis driven. There is a strong 
emphasis on experimentation, in which the scientist creates his or her 
own universe that is, or is assumed to be, a simulacrum of the real world 
beyond the laboratory bench … life has the characteristic, using 
philosophical terminology, of ‘being’ and ‘becoming.’ It exists in a 
particular form now, but has the potential, because of the diversity in its 
offspring, of becoming something related, but also different.” 

Blumberg, Baruch S. “The NASA Astrobiology Institute: Early History and Organization." Astrobiology 2, no. 3 (2003): 463–70. © Mary Ann Liebert, Inc.. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 
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Chu, Jennifer. "With Perseverance, MIT Teams Prepare for Mars Rover Landing." February 17, 2021. MIT News. 
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Zdorovtsova, Natalia. "What is Life? A Crash 
Course to Autopoiesis," Varsity, January 22, 2021. 
© Varsity Publications Ltd.. All rights reserved. 
This content is excluded from our Creative 
Commons license. For more information, see 
https://ocw.mit.edu/help/faq-fair-use/. 
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