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Schrodinger’'s Gene and Semon’'s Mneme
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ABSTRACT

Erwin Schrodinger’s highly influential booklet, Whar is Life? (1944), discussed the
mystery of life and heredity in terms of molecular structure, atomic bonds, and the concept
of “negative entropy.” The most important and influential part of this book was, however,
his informational theory of genetic heredity. In his view, a gene’s action essentially

consisted in storing and passing information. Schrodinger compared the role of
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chromosomes with that of code-script, and described chromosome structures as “law-code
and executive power” or as “architect’s plan and builder’s craft” combined together. He
also used a metaphor of the Morse code in telegraphy to explain how aperiodic crystals
that consist in genes could store and then pass a great deal of information.

Historians, as well as biologists, have discussed the influence of Schrodinger’s concept of
genetic information upon the next generation of molecular biologists. However, it has
scarcely been explored how he came up with this idea. His previous works on quantum
physics, as well as his life and works in Ireland in the 1940s, was not apparently linked
to the idea of “information” of any kind. In this paper, I will propose that Schrodinger was
immensely influenced by the nineteenth-century German biologist Richard Semon’s works
and ideas. In particular, Semon’s theory of “mneme”, with which Schrodinger had become
acquainted in his youth, directly influenced him to devise the informational theory of gene.
Today, the concept of a “meme” is usually considered to be born out of that of a gene.
By showing Semon’s influence on Schridinger, I will maintain that the concept of gene was

made out of that of a meme (mneme), in effect reversing their relationship.

Key Words: Erwin Schrodinger, What is Life?, Richard Semon, Gene, Mneme, Meme,

Information, Inheritance of Memory, Die Muneme
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1) Gunther S. Stent, “Introduction: Waiting for the Paradox,” in J. Cairns, G. Stent and J. D.
Watson eds., Phage and the Origins of Molecular Biology (Cold Spring Harbor, NY: Cold Spring
Harbor Laboratory of Quantitative Biology, 1966), pp. 3-8, on p. 3.
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2) Erwin Schrodinger, Whar is Life? The Physical Aspects of the Living Cell (Cambridge: Cambridge
University Press, 1944); Luke O’Neill, Michael Murphy and Richard G. Gallagher, “What Are
We? Where Did We Come from? Where Are We Going?” Science 263 (1994), pp. 181-183.

3) =S 2139 WHES AHES AHEEA AEste] EAIE BFATE ov]olA
TE A Azpe stolAMl 27t AHAY “F THA] ME TE AMFE A Te] T
AHE, & XA JF=3o] Al Z A FE AT Werner Heisenberg, Physics and Philosophy
(Penguin, 1962), p. 175; Krishna R. Dronamraju, “Erwin Schrodinger and the Origins of Molecular
Biology,” Genetics 153 (1999), pp. 1071-1076.
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(London: George Allen and Unwin, 1921)2 ARSIt}

6) ‘AP A FHEPA WA= Ludvik Bass, “Schrodinger: A Philosopher in Planck’s
Chait,” British Journal for the Philosophy of Science 43 (1992), pp. 111-1272, 315 Hs}o|| th3t
19 Z& HZS Ernst Peter Fischer, “We Are All Aspects of One Single Being: An
Introduction to Erwin Schrodinger,” Socia! Research 51 (1984), pp. 809-835; Miguel F. Melgar,
“The Philosophy of Erwin Schrodinger: A Diachronic View of Schrodinger’s Thoughts,”
Foundations of Physics 18 (1988), pp. 357-3712 ZZ.
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TS Alsd Al (Fricz Hasenohr)# A Z=U(F. Exnen25-H &2]8hs wisith
1910 By tietuls SU3E ol 2= 22 thotellM =S AL, 14
A olgrgjol A FAHZIE ATt 1921 FERAE 7=
8] tiste] &8t nel 8 HIAT I E2 Hojo stolAlM 27} sfA g
FAEE ol REESlA] kAL, o] E tiAE %F Je AAE st 35-9d
2] 5S el ] Afield) ol A Eof TE YA BFAE 1925 A
g 2mps o) R ool ek =S 19261 2ol LR o] L
2 a¥E 193330 =¥AS AT
THEGAS T T Max Planck)®] F 0 E 192710 ZUdA 7P &
BAE AN HEY thtale] o] 2E23 upsdd JEEHAT 1ZAR HA
O AlEs 7197 UWAEd 955 =719 wEY AT 19380 G502 Uy
= AAF, S2He gt} Wrloo] AE tstus sty 19401
o229l 15 AT A(Institute for Advanced Studies)ol] 9 o]EE Tt A A%
o AHHAT. 2= 19550l 2T 7R o] AAFAES FATE ol
Fol7b = 27F 19436 dE- e ERUE tistell A 3 s BobA,
1944\l AJBIA NS SR S o] AES SHshe FAFolA
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7) - E AL Aol ot AA e A= Walter Moore, Schrodinger: Life and Thought (Cambridge:
Cambridge University Press, 19892 Z+Z.
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THYAT 5Y o2 Ju dddigudN E3st urE S &
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8) P 7S = el A 2T TAold FANTE, o 23 Aol thaA = Skali
Sigurdsson, “Physics, Life and Contingency: Born, Schrodinger, and Weyl in Exile,” in Mitchell G.
Ash and Alfons Sollner eds., Forced Migration and Scientific Change: Emigre German-Speaking Scientists
and Scholars after 1933 (Washington, D.C.: Cambridge University Press, 1996), pp, 48-70, on p.
e & 4.

9) Z A9 AE& 23 2t} 1. The classical physicist’s approach to the subject; 2. The
hereditary mechanism; 3. Mutations; 4. The quantum-mechanical evidence; 5. Delbruck’s model
discussed and tested; 6. Order, disorder and entropy; 7. Is life based on the laws of physics?

10) 918-& Schrodinger, What is Life?, on p. 4. 1+ AHA = &8 HZ o] 2Fstha Az}
A% A A8l BeUAS] BT WA AL oflekn A2 £ 2

= Z]:LQ "4 HEo] AEAE BT “‘ﬁd T k= o]frell A o]l dAk=Ee e
HZAA 2SS ©Yste Az vt o] ‘Q’% Hitel FEEAT TF FAEA
2 E W= % A EARZE IHFEAT 7EYAE SAEAL HISHEAR Be
Z4Zto] QdA-S Donald Fleming, “Emigré Physicists and the Biological Revolunon,” in D.

Fleming and B. Bailyn eds., The Intellectual Migration: Europe and America, 1930-1960 (Cambridge,
MA: Harvard University Press, 1969), pp. 152-1899} Garland Allen, Life Science in the Tuwentieth
Century (Cambridge: Cambridge University Press, 1978), pp. 224-227° 2 YElhg At} 4+
IAL] ‘a5 spo)] WEH FAFSHE Q] A&l thek BA1L Leah Ceccarelli, Shaping Science
with Rbetwric: The Cases of Dobzhansky, Schrodinger and Wilson (Chicago: University of Chicago
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11) “Epilogue: On Determinism and Free Will” in Schrodinger, What is Life?, pp. 88-92.
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12) A. J. Carlson, “What Is Life?” (review of Schrodinger’s What is Life?) Scientific Monthly 61 (1945),
pp. 495-496; [anonymous], “What Is Life?” (review of Schrodinger’s What is Life?) American
Naturalist 79 (1945), pp. 554-555; Max Delbriick, “What Is Life? and What Is Truth?” (review
of Schrodinger’s What is Life?) Quarterly Review of Biology 20 (1945), pp. 370-372.

13) 3 1232, H. J. Muller, “A Physicist Stands Amazed at Genetics,” Journal of Heredity 37 (1946),
pp. 90-92. James F. Crow, “Erwin Schrodinger and the Hornless Cattle Problem,” Generics 130
(1992), pp. 237-239.
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o] A A8}EtA} FA(Seymour Cohen)e RS9 ®lo] 2713
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14) Evelyn F. Keller, “Physics and the Emergence of Molecular Biology: A History of Cognitive and
Political Synergy,” Journal of the History of Biology 23 (1990), pp. 389-409; Lily E. Kay, “Life as
Technology: Representing, Intervening, and Molecularizing,” Rivista di Storia della Scienza Ser. 2.,
1 (1993), pp. 85-103.

15) Lily E. Kay, “The Secret of Life: Niels Bohr’s Influence on the Biology Program of Max
Delbruck.” Revista de Storia della Scienza 2 (1985), pp. 487-510; Horace F. Judson, “Reflections
on the Historiography of Molecular Biology,” Minerva 18 (1980), pp. 369-421.

16) 2] 3 31= E. J. Yoxen, “Where does Schrodinger’s “What Is Life?” Belong in the History
of Molecular Biology?” History of Science 17 (1979), pp. 17-52, on p. 18| 4] z]|<l&-

17) Robert Olby, “Schrodinger’s Problem: What Is Life?” Journal of the History of Biology 4 (1971),
pp. 119-148, on p. 1469A] ¢1&
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dHA dRom, 2L AL BF ZEHTE THS 7= ok 200230 *é‘
Bz x2Ee A9 S FAshs ol T8 9GS o 1927019 Fa
dS AslA B R=Es SR, o] 192719 FuEH Foll 7 DFAY &“
< WA UATE S

3. 7Y AL} F- A A M (genetic information) 2] 7§

TEE AL T olg Tkl e Brhe EAMESY JAHE o9
Hevbe] weps ety B ESe] V)9S Hol-dBE-ux|aFe] A4
-DNA 739] B-912] DNAS] 7|5 7179 A4 Aoz BH, o7|A 7]
BAL 7= A9 7] ek dEE EIE FAo dlAo] FolA FFH Y
A AZE AF3 Ao] AY gith19 T2 A|YF AH E(Gunther Stent)7} XA 3%
o] 19 @32 2x AR EYTE AFAAY AFH QA Ao 2 AHAY
< R 7IE ARYE #e At AESEAAA Fopxitt. dEHE SkE
(James Watson), 83} 37 DNAY o]FUd T2 WIS EZN wllils 74
St 222 Y712~ (Maurice Wilkins)= A Atol] 21E0] U AE AJHe| 729 A
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18) Linus Pauling, “Schrodinger’s Contribution to Chemistry and Biology,” in C.W. Kilmister ed.,
Schrodinger: Centenary Celebration of @ Polymath (Cambridge: Cambridge University Press, 1987), on
p. 229; Max F. Perutz, “Physics and the Riddle of Life,” Nature 326 (1987), pp. 555-558; Petter
Portin, “Historical Development of the Concept of Gene,” Journal of Medicine and Philosophy 27
(2002), pp. 257-286.

19) Robin Holliday, “Physics and the Origins of Molecular Biology,” Journal of Genetics 85 (2006), pp.
93-97.
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20) Guhther S. Stent, “Looking for Other Laws of Physics,” Journal of Contemporary History 33 (1998),
371-397, on p. 371; Maurice H. F. Wilkins, “The Molecular Configuration of Nucleic Acids.” Les
prix Nobel en 1962 (Stockholm, 1963); F. .Jacob, The Logic of Life (New York: Vintage Press,
1973), pp. 259-260.

21) Maurice Wilkins, The Third Man of the Double Helix: The Autobiography of Maurice Wilkins (Oxford:
Oxford University Pr, 2003), on p. 84.

22) James D. Watson, “Succeeding in Science: Some Rules of Thumb,” Science 261 (1993), p. 1812.
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o} 33t} James D. Watson, “Growing Up in the Phage Group,” in Phage and the Origins
of Molecular Biology, on p. 239.
23) Gunther S. Stent, “That Was the Molecular Biology That Was,” Science 160 (1966), pp. 390-395.
24) Schrodinger, What is Life?, pp. 20-21.
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25) Ibid., pp. 61-62.

26) Ibid., on p. 84.

27) Sahotra Sarkar, The Philosophy and History of Molecular Biology: New Perspectives (Dordrecht: Kluwer,
1996), on pp. 189-191.
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9 & HIAE YA 45 2AHE T} AT QS & o) FEI}

A2 AU E As s Bas 5oz A58 A Addvy AP % o
2 Jdsabe 3 9AY FAgsERs Jido] o]l 312t Z 2 13 (genetic
program)©]2h= 7S FA3te H AAHoZ 7P S FERUTES 19954,
Fgolgt FoiQ17k,o) &3t 509S 7| e Eol A = =(Stephen Jay Gould)=
TE P AY] T ol TRV 7t 2041710l 71 3k U AESE A&l
gt Frigon, AEA 2 Y Richard Lewontin}S 204]7] B2} E3to gk
A FHDAE ABAVIZE Fa9h v T v f3A AHES )
P AP ELS FHA AR DIt wEPA F1 s MdelA Al
Aokl vk o] 52 FAe} on|7t dojAH o g EEHE Scode) TN
3 g4l o] o] A FAA oA o]FAAE T 2 FS(cipher)
Mdo] FxAte] AX o At vifeta F4e7= k0

4. rEP A AsHH ARt Al ¥F

TFEEAY "ol Tkl #AS 7RG HEA HAtstA gl
& o] Ao JFE S M3k vl 23S BFUh BH’HE PG A] 174 %
3 g, T AREAY FHP Ado] ot AfHE e AL E A}
T A9 gtk F P A Y] AW A EZ(Neville Symonds)= 773 2
A7 AdE UR SAA FRARY AdE AAG A0 Byt EAYES)
o] JAFS A3 EH|Robert Olby)$} E U (Erich Posner)= 1890'At] Zilof]
o] = AME3HA} u]H(. F. Miescher)7} 18] 2F&o] Al Bl AR A AR

28) Stent, “That Was the Molecular Biology That Was”; David Berlinski, “Philosophical Aspects of
Molecular Biology,” Journal of Philosophy 69 (1972), pp. 319-335; Lenny Moss, “A Kernel of
Truth? On the Reality of the Genetic Program.” PSA 1992 vol. 1 (1992), pp. 335-348, esp. pp.
339-340.

29) Steven Jay Gould, ““What is Life?” as a Problem in History,” in Michael P. Murphy and Luke
A. J. O'Neill eds., Whar is Life? The Next Fifty Years (Cambridge: Cambridge University Press,
1995), pp. 25-39, on p. 25; R. Lewontin, It Ain’t Newssarily So (London: Granta, 2000), on p.
136.

30) Evelyn Fox Keller, The Century of the Gene (Cambridge MA: Harvard University Press, 2000);
Lenny Moss, What Genes Can’t Do (Cambridge: MIT Press, 2003); Judith Roof, The Poetics of
DNA (University of Minnesota Press, 2007).
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= 19| "ol 171,71 1930 d o] AE < Z 2 SKorganization)’ o] th g 7|
YE xE gyugde] ANFAHS Aoz A WHEshe Weh SolA Ko
a1, ol#fg WstE whg gt FAR o9 F2 1930 F9H 19401
Ozt 7 9IA7 ARG = AAEH 2 SHorganization)’ 2} 2 A (order)
Adel o #A4lo] gdthke ddtel Zeks A1, o] gk 3|49 Al xF o]
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31) Neville Symonds, “What is Life? Schrodinger’s Influence on Biology,” Quarterly Review of Biology
61 (1986), pp. 221-226; Robert Olby and Erich Posner, “An Early Reference to Genetic Coding,”
Nature 215 (1967), p. 556; Sahotra Sarkar, “Whar is Life? Revisited,” BioScience 41 (1991), pp.
631-634.

32) Lily E. Kay, Who Wrote the Book of Life? A History of Genetic Code (Stanford: Stanford University
Press, 2000), pp. 59-66; Yoxen, “Where Does Schrodinger’s “What Is Life?” Belong”. 473 Q7
E AHo|23y AZAATHE A|=o AT Peter Wellstead, “Schrodinger’s Legacy:
Systems and Life,” (An E.T.S. Walton Lecture at Royal Irish Academy, 21 April 2005)E 2z
(available at http://www.hamilton.ie/systemsbiology/files/2005/schroedinger.pdf)
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gt} 204 7] 2QFE AL 7] (memory)ol] gk AFE FHFIL o] G a)
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33) A|&o] Ao e} Alatol| thafA= Daniel L. Schacter, Forgotten Ideas, Neglected Pioneers: Richard
Semon and the Story of Memory (Philadelphia: Psychology Press, 2001)7} 7} Z}FA| 5 e} A =2
=9 F+= Uwe Hossfeld, “The Travels of Jena Zoologists in the Indo-Malayan Region.”
Proceedings of the California Academy of Sciences 55 supp II (2004), pp. 77-1059] A<= o] Ao}
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34) Schacter, Forgotten ldeas, Neglected Pioneers, A|77. ¢l L}2] &7 8tu}ol] tha A= Lynn Nyhar,
“The Disciplinary Breakdown of German Morphology, 1870-1900,” Isis 78 (1987), pp. 365-389,
53] pp. 373-3795% F=E.

35) Semon, The Mueme, pp. 9-14, 66-67, 273-280. TFA T} 2] W= Ibid., pp. 288-293. Bl &2 ¢}
| Ho] 3t HZe F& =2o]Z= Donald R Forsdyke, “Heredity as Transmission of
Information: Butlerian ‘Intelligent Design’,” Centaurns 48 (2006), pp. 133-1485 =%
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SN, RAIS] oA R PIHE AREOR “2aliel, SWE-oL, vh, o
SeE AR, Telw dShEE opie S0 Fu Uk AV 1) Ba
B L olmlFole] =25 X UE Ao, 25 & 44 3 B8t Ao
71 ZERpAlH 20 s A& [FEEAANA] A8t b FHE o] &3
Hsto] o] Thscience was the continuation of philosophy by other means)”3l 32

A Q0

Fas ZrolM = Aoket AlA Atolol] 8ol Qltke =2 A, 92

37) o] H 3} A o] Z}o|= Semon, The Mueme, on p. 226. A &L ol 13l o] oA}t
o] ole} Ao B4 WIS FZAUT) lid., on p. 275. AlEo] & J&F
HEHE §d& AR A AL goglon, §H8& =dhe oA AR
(information)’ BF= 713 AFE-3}7]1= Ut} Forsdyke, “Heredity as Transmission of Information”
on p. 137.

38) Moore, Schrodinger: Life and Thought, pp. 46-49.

39) Erwin Schrodinger, My View of the World (Seek for the Road, 1925 and What is Real? 1960)
(Cambridge: Cambridge University Press, 1964), on viii. ©] 2o] Zdoj#-& 1961\do) &3
H]At. A7V My View of the Worldol] T3t ZZ25 Seck for the Road®l| =3+EI T

40) Walter Elasser, Memoirs of a Physicist in the Atomic Age (New York: Science History Publications,
1978), on p. 134.
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41) Schrodinger, My View of the World (Seek for the Road), passim.
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42) TP 1950 dthell Zofx g vl R Aple] AAB-S s ol 29]=Ate}
Zelleh-g-0] o] o] ARARE, 27k 304 HoAl | U= o] e of
= AP viEiAE o AEEeS 7128k 9tk o)) tis)AE Bruno Bertotti, “The
Later Work of E. Schrodinger,” Studies in History and Philosophy of Science 16 (1985), pp. 83-100,
on pp. 91-92& & A

43) Schrodinger, My View of the World, viii, pp. 24-31, p. 44.
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44) Kay, Who Wrote the Book of Life? p. 62; Michel Morange, A History of Molecular Biology
(Cambridge, MA: Harvard University Press, 1998), pp. 77-78. ©] A o]jo| & Ao 2w
shzazeld] 2AMCH, wHHAL ALS AT Askoh ARAAN =olPrke
AAE 29 Ae) A7E o] A eteln] FIAAN ekl & o7}
% itk 2047) SHRF) AsE WA fAste] FrolA TR AT o 3
B A 2 el etz aselg A% okl FFE IS Aoleka A7)
YEQTRE oltk. 53] A% 4oS AnFele] & AR Wl AFEA e A%
9] Ao 19 A== T HlolEolA]7] 15T Crow, “Erwin Schrodinger and
the Hornless Cattle Problem,” on p. 239.

45) Richard Dawkins, The Selfish Gene (Oxford: Oxford University Press, 1976) ch. 11.
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46) J. Laurent, “A Note on the Origin of Memes/Mnemes.” Journal of Memetics: Evolutionary Models of
Information Transmission 3 (1999) (available online at http://jom-emit.cfpm.org/1999/vol3/laurent_j.html).
Laurent2 E=Z127F A29 mneme 7/fELE gy AFE3E Wl7)o] =82} Maurice
Macterlinck &) #2445 il IS Aolehs et sholl, =271 A2] moeme 743l
He Aoln 228w 9k

o ERAME A RAAT & O FH2e AT FAE AR mueme o]
204171 HAFSHe] “H 3 7] (collective memory)” 7Rl WIZ1 FFolth. FgHA 719 <]
F47 5 B W Aby Waburgs AL Die Mueneol ) S WLEE B9 3
At} o]o] A= Jan Assmann, “Collective Memory and Cultural Identity,” New German
Critigne 65 (1995), pp. 125-133 FZ.
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