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INTRODUCTION

The Exobiology Program, within the Office of Space Science
and Applications of the National Aeronautics and Space Administra-
tion, is the first and only integrated program to methodically
investigate the planetary events which may have been responsible
for, or related to, the origin, evolution, and distribution of
life in the universe. Research supported by this program is di-
vided into the areas listed below:

Chemical Evolution: The non-biological synthesis of
biologically significant organic molecules under con-
ditions presumed to have existed on the primitive earth
or any primitive planet before the advent of life.

Organic Geochemistry: Analysis of ancient terrestrial
rocks for organic molecules and inclusions of biological
origin. The development of techniques for the isolation
of organic matter and distinguishing organic matter of
biological origin from that of non-biological origin.

Origin and Evolution of Life: Studies of the origin of
essential life processes and systems including the
nucleic acid and protein biopolymers, genetic information
transfer, energy collection mechanisms, and cellular and
sub-cellular structures. Understanding the evolution of
primitive microbial ecologies.

Planetary Environments: Research dealing with characteri-
zation of microorganisms capable of surviving and/or
growing in extreme conditions approaching those of plane-
tary environments, development of methodologies and
techniques for detection and characterization of life-
related molecules in extraterrestrial environments, and
development of methods for determination of planetary
environmental characteristics important for chemical
evolution processes.

Life in the Universe: Research and analysis in three dis-
tinct but related areas relevant to life in the universe:
forms, abundances and reactivity of the biogenic elements;
effect of planetary, solar and astrophysical phenomena on
evolution of complex life; and search for extraterrestrial
intelligent life by detection of signals in the microwave
region of the spectrum.
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Planetary Protection: Environmental protection of
planets of biological interest against potential
harmful contamination from terrestrial sources, which
might occur during the course of future exploration,
following explicit guidelines established for each
planet, as well as protection of the Earth from ha-
zards posed by returned sample missions.

Mars Data Analysis: Research directed toward simula-
tion and interpretation of data from the Mars Viking
Landers' organic analysis and biology instruments.
To develop models for the unusual reactivity exhibited
by the Martian soil.

The arrangement of references in this bibliography follows
the division of research described above. Articles are listed
alphabetically by author under the research area with which
they are most closely related. Only those publications which
resulted from research supported by the Exobiology Program and
which bear a 1981 publication date have been included. Abstracts,
theses, and oral presentations are not included because of their
preliminary nature or the frequent difficulty in obtaining them.

Our intent in compiling this bibliography is twofold.
First, we would like to provide the scientific community with
an annual listing, which began in 1975, of current publications
resulting from research pursued under the auspices of NASA's
Exobiology Program. Secondly, we hope to stimulate the exchange
of information and ideas among scientists working in the different
areas of the program. To facilitate the exchange process, we
have identified for each publication, by asterisk, the author
participating in the program. Current addresses for all principal
investigators are given in the Appendix.

We wish to thank all the participants in the Exobiology
Program for their cooperative response to our request for a
listing of 1981 publications.
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Chemical Evolution

• 'Semiem-Aronowitz, S., Chang*, S , and Scattergood, T.: 1981,
pirical Hot Atom Theory. 1 Initialization and Application'•

Journal of Physical Chemistry 85: 360-367•

Bar-Nun, A., Lazcano-Araujo, A., and Or6*, J.: 1981, 'Could Life
Have Evolved in Cometary Nuclei?', Origins of Life ii: 387-
394.

• • 'A Model for the Enantio-Blair, N E and Bonner*, W.A.: 1981,
meric Enrichment of Polypeptides on the Primitive Earth',
Origins of Life ii: 331-335•

• 'Stereose-Blair, N.E., Dirbas, F M., and Bonner*, W.A.: 1981,
lective Hydrolysis of Leucine Oligomers', Tetrahedron 37:
27-29•

• 'ExperimentsBonner*, W.A., Blair, N.E , and Dirbas, F.M.: 1981,
on the Abiotic Amplification of Optical Activity', Origins
of Life ii: 119-134•

• 'The Radiolysis and Radio-Bonner*, W.A and Lemmon, R.M.: 1981,
racemization of Amino Acids on Silica Surfaces', Origins of
Life ii: 321-330•

Bridson, P.K., Fakhrai, H., Lohrmann, R., Orgel*, L.E., and
van Roode, M.: 1981, 'Template-directed Synthesis of Oligo-
guanylic Acids - Metal Ion Catalysis', In: Origin of Life
(Wolman, Y., ed.). Dordrecht, Holland: D. Reidel, p. 233-
239.

Capone, L.A., Prasad, S.S.,,Huntress, W.T., Whitten, R.C.,
• 'Formation of OrganicDubach, J , and Santhanam, K.I: 1981,

Molecules on Titan' Nature 293:45-46r

• 'Rates of FixationChameides, W L. and Walker*, J.C.G.: 1981,
by Lightning of Carbon and Nitrogen in Possible Primitive
Atmospheres' Origins of Life 11:291-302

'Organic Chemical Evolution' In: Life in theChang*, S.: 1981,
Universe (Billingham, J., ed.). Cambridge, MA: MIT Press,
p. 21-46• (Also published in NASA Conference Publication
2156)

Fakhrai, H., van Roode, J.H.G., and Orgel*, L.E.: 1981, 'Syn-
thesis of Oligoguanylates on Oligocytidylate Templates',
Journal of Molecular Evolution 17: 295-302•

IS. Chang, Principal Investigator
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Ferris*, J.P., Alwis, K.W., Edelson, E.H., Mount, N., and
Hagan, W.J., Jr.: 1981, 'Clay-mediated Reactions of HCN
Oligomers: The Effect of the Oxidation State of the Clay',
In: Origin of Life (Wolman, Y., ed.). Dordrecht, Holland:
D. Reidel, p. 125-128.

Ferris*, J.P. and Benson, R.: 1981, 'An Investigation of the
Mechanism of Phosphine Photolysis', Journal of the American
Chemical Society 103: 1922-1927.

Ferris*, J.P., Edelson, E.H., Auyeung, J.M., and Joshi, P.C.:
1981, 'Structural Studies on HCN Oligomers', Journal of
Molecular Evolution 17: 69-77.

Ferris*, J.P. and Morimoto, J.Y.: 1981, 'Irradiation of NH3-CH4
Mixtures as a Model of Photochemical Processes in the Jo-
vian Planets and Titan', Icarus 48: 118-126,

Ferris*, J.P., Morimoto, J.Y., and Benson, R.: 1981, 'Photolysis
of CH_-NH3 Mixtures and PH3 as Models for the Photochemical
Transformations on the primitive Earth and Jupiter', In:
Ori@in of Life (Wolman, Y., ed.). Dordrecht, Holland: D.
Reidel, p. 101-105.

Folsome*, C. and Brittain, A.: 1981, 'Model Protocells Photo-
chemically Reduce Carbonate to Organic Carbon', Nature
291: 482-484.

Folsome*, C.E., Brittain, A., Smith, A., and Chang*, S.: 1981,
'Hydrazines and Carbohydrazides Produced from Oxidized Carbon
in Earth's Primitive Environment', Nature 294: 64-65.

Friebele, E., Shimoyama, A., and Ponnamperuma*, C.: 1981,
'Possible Selective Adsorption of Enantiomers by Na-Mont-
morrillonite', In: Origin of Life (Wolman, Y., ed.). Dor-
drecht, Holland: D. Reidel, p. 337-346.

Gidley, D.W., Rich*, A., Van House, J.C., add Zitzewitz, P.W.:
1981, 'Investigations of Electron Helicity in Optically
Active Molecules Using Polarized Beams of Electrons and
Positrons', Origins of Life ii: 31-36.

Gidley, D.W., Rich*, A., Van House, J.C., and zitzewitz, P.W.:
1981, 'A New Experiment to Investigate the Origin of Op-
tical Activity using a Low Energy Positron Beam of Con-
trolled Helicity', In: Ori@in of Life (Wolman, Y., ed.).
Dordrecht, Holland: D. Reidel, p. 379-384.

Giner-Sorolla, A. and Or6*,J.: 1981, 'Mutagens and Carcinogens:
Occurrence and Role during Chemical and Biological Evolu-
tion', In: Origin of Life (Wolman, Y., ed.). Dordrecht,
Holland: D. Reidel, p. 583-588.



Green, C., Doctor, V.M., Holzer, G., and Or6*, J.: 1981,
'Separation of Neutral and Amino Sugars by Capillary Gas
Chromatography', Journal of Chromatography 207: 268-272.

• 'OrganicGupta, S , Ochiai, E., and Ponnamperuma*, C.: 1981,
Synthesis in the Atmosphere of Titan' Nature 293:725 -_F

727.

Hawker, J.R., Jr. and Or6*, J.: 1981, 'Cyanamide Mediated Syn-
theses of Peptides Containing Histidine and Hydrophobic
Amino Acids' Journal of Molecular Evolution 17:285-294

Hawker, J.R., Jr. and Or6*, J.: 1981, 'Cyanamide Mediated Syn-
theses of LEU, ALA, and PHE Peptides under Plausible Primi-
tiveEarth Conditions', In: Origin of Life (Wolman0 Y., ed.).
Dordrecht, Holland: D. Reidel, p. 225-232.

Hobo, T., Yamada, M., Suzuki, S., Araki, S., Shimoyama, A., and
Ponnamperuma*, C.: 1981, 'Recognition of Amino Acid Chiral-
ity in Gas Chromatography by Sequential Use of Enantiomeric
Stationary Phases', Bunseki Kagaku 30(6): T71-T76. (Japanese)

Jewett, D. and Lawless*, J.: 1981, 'Detection of Activated Acyl
Groups Formed by Heating Carboxylic Acids with Silica',
Naturwissenschaften 68: 570-571.

Kasting, J.F. and Walker*, J.C.G.: 1981, 'Limits on Oxygen Con-
centration in the Prebiological Atmosphere and the Rate of
Abiotic Fixation of Nitrogen', Journal of Geophysical Re-
search 86(C2): 1147-1158•

Khare, B.N., Sagan*, C., Zumberge, J.E., Sklarew, D.S., and
Nagy*, B.: 1981, 'Organic Solids Produced by Electrical
Discharge in Reducing Atmospheres: Tholin Molecular Analy-
sis', Icarus 48: 290-297.

'Cometary Material andLazcano-Araujo, A. and Or6, J.: 1981,
the Origins of Life on Earth', In: Comets and the Origin of
Life (Ponnamperuma, C., ed.). Dordrecht, Holland: D. Reidel,
p. 191-225.

• 'Search forLemmon, R.M , Conzett, H.E., and Bonner*, W.A.: 1981,
Effect of Longitudinally Polarized Protons on Optically
Active Amino Acids', Origins of Life ii: 337-341•

Lohrmann, R., Bridson, P.K., and Orgel*, L.E.: 1981, 'Condensa"
tion of Activated Diguanylates on a Poly(C) Template',
Journal of Molecular Evolution 17: 303-306•



Miller*, S.L. and Van Trump, J.E.: 1981, 'The Strecker Synthesis
in the Primitive Ocean', In: Ori@in of Life (Wolman, Y.,
ed.). Dordrecht, Holland: D. Reidel, p. 135-141.

Mizutani, H. and Ponnamperuma*, C.: 1981, 'Effect of Polynucleo-
tides on the Dimerization of Glycine', Origins of Life ii:
237-242.

Or6*, J., Holzer, G., Rao, M., and Tornabene, T.G.: 1981, 'Mem-
brane Lipids and the Origin of Life', In: Origin of Life
(Wolman, Y., ed.). Dordrecht, Holland: D. Re'idel,p. 313-
322.

Or6*, J. and Lazcano-Araujo, A.: 1981, 'The Role of HCN and Its
Derivatives in Prebiotic Evolution', In: Cyanide in Biolo@y
(Vennesland, B., Conn, E.E., Knowles, C.J., Westley, J.,
Wissing, F., eds.). London: Academic, p. 517-541.

Ott, U., Mack, R., and Chang*, S.: 1981, 'Noble-gas-rich Sepa-
rates from the Allende Meteorite' Geochimica et Cosmochim-
ica Acta 45: 1751-1788.

Pleasant, L.G. and Ponnamperuma*, C.: 1981, 'Chemical Evolution
and the Origin of Life: Bibliography Supplement 1979',
Ori@ins of Life ii: 273-288.

Ponnamperuma, C. (ed.): 1981, Comets and the Ori@in of Life,
Proceedin@s of the 5th Colle@e Park Colloquium on Chemical
Evolution, University of Maryland, College Park, Maryland,
October 29-31, 1980. Dordrecht, Holland: D. Reidel.

Ponnamperuma*, C: 1981, 'The Quickening of Life' , In: Fire
of Life. New York: W.W. Norton, p. 119-125.

Ponnamperuma*, C., Friebele, E., and Shimoyama, A.: 1981, 'The
Role of Clay Minerals in Prebiotic Protein Synthesis', In:
Science and Scientists: Essays by Biochemists, Biologists,
and Chemists (Kageyama, M., et al., eds.). Tokyo: Japan
Scientific Societies Press, p. 15-30.

Raulin, F. and Ponnamperuma*, C.: 1981, 'Possible Role of Phos-
phine in Chemical Evolution', In: Origin of Life (Wolman,
Y., ed.). Dordrecht, Holland: D. Reidel, p. 107-114.

Rich*, A.: 1981, 'Recent Experimental Advances in Positronium
Research' Reviews of Modern Physics 53:127-166

Smith, A., Folsome*, C., and Bahadur, K.: 1981, 'Carbon Dioxide
Reduction and Nitrogenase Activity in Organo-molybdenum
Microstructures', Experientia 37: 357-359.
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Stoetzel, F., Shimoyama, A., Ponnamperuma*, C., and Buvet, R.:
1981, 'The Role of Analytical Procedures in the Formation
of Biochemicals from Experiments Simulating the Chemical
Evolution of Primeval Earth', In: Ori@in of Life (Wolman, Y.,
ed.). Dordrecht, Holland: D. Reidel, p. 197-199.

Walker*, J.C.G., Hays, P.B., and Kasting, J.F.: 1981, 'A Negative
Feedback Mechanism for the Long-term Stabilization of Earth's
Surface Temperature', Journal of Geophysical Research 86(CI0):
9776-9782.

Watson, A.J., Donahue, T.M., and Walker*, J.C.G.: 1981, 'The
Dynamics of a Rapidly Escaping Atmosphere: Application to
the Evolution of Earth and Venus', Icarus 48: 150-166.

Weber*, A.L.: 1981, 'Formation of Pyrophosphate, Tripolyphosphate,
and Phosphorylimidazole with the Thioester, N,S-Diacetyl-
cysteamine, as the Condensing Agent', Journal of Molecular
Evolution 18: 24-29.

Weber*, A.L.: 1981, 'Formation of the Thioester, N,S-Diacetyl-
cysteine, from Acetaldehyde and N,N'Diacetylcystine in
Aqueous Solution with Ultraviolet Light', Journal of Molecu-
lar Evolution 17: 103-107.

Weber*, A.L. and Miller*, S.L.: 1981, 'Reasons for the Occurrence
of the Twenty Coded Protein Amino Acids', Journal of Molecu-
lar Evolution 17: 273-284.

White, D.H.I: 1981, 'A Theory for the Origin of a Self-reproduc-
ing Chemical System by Natural Selection from Short, Random
Oligomers', In: Origin of Life (Wolman, Y., ed.). Dordrecht,
Holland: D. Reidel, p. 399-404.

White, D.H. and Erickson, J.C.: 1981, 'Enhancement of Peptide
Bond Formation by Polyribonucleotides on Clay Surfaces in
Fluctuating Environments', Journal of Molecular Evolution
17: 19-26.

White*, D.H. and Erickson, J.C.: 1981, 'Histidyl-histidine Cat-
alysis of Glycine Condensation in Fluctuating Clay Environ-
ments', In: Origin of Life (Wolman, Y., ed.). Dordrecht,
Holland: D. Reidel, p. 393-397.

Yuasa, S. and Or6*, J.: 1981, 'HCN as a Possible Precursor of
the Amino Acids in Lunar Samples', In: Science and Scientists:
Essays by Biochemists, Biologists, and Chemists (Kageyama, M.,
et al., eds.). Tokyo: Japan Scientific Societies Press, p.
31-37.

IS. Chang, Principal Investigator
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Or@anic Geochemistry

Barghoorn*, E.S.: 1981, 'Aspects of Precambrian Paleobiology:
The Early Precambrian', In: paleobotany, Paleoecology and
Evolution, Vol. 1 (Niklas, K.J., ed.). New York: Praeger,
p. 1-16.

Brassell, S.C. and Eglinton, G.I: 1981, 'Biogeochemical Signifi-
cance of a Novel Sedimentary C27 Stanol', Nature 290:
579-582.

Brassell, S.C., Wardroper, A.M.K., Thomson, I.D., Maxwell, J.R.,
and Eglinton, G.I: 1981, 'Specific Acyclic Isoprenoids
as Biological Markers of Methanogenic Bacteria in Marine
Sediments' Nature 290: 693-696

Bridgwater, D., Allaart, J.H., Schopf*, J.W., Klein, C., Walter,
M.R., Barghoorn*, E.S., Strother, P., Knoll, A.H., and
Gorman, B.E.: 1981, 'Microfossil-like Objects from the Ar-
chaean of Greenland: A Cautionary Note' Nature 289:51-53

Cronin*, J.R., Gandy, W.E., and Pizzarello, S.: 1981, 'Amino
Acids of the Murchison Meteorite. I. Six Carbon Acyclic
Primary e-Amino Alkanoic Acids', Journal of Molecular
Evolution 17: 265-272•

Des Marais*, D.J., Donchin, J.H., Nehring, N.L., and Trues-
dell, A.H.: 1981, 'Molecular Carbon Isotopic Evidence for
the Origin of Geothermal Hydrocarbons' Nature 292:826-828F

Hajibrahim, S.K., Quirke, J.M.E., and Eglinton, G.I: 1981,
'Petroporphyrins. V. Structurally-related Porphyrin Series
in Bitumens, Shales and Petroleums: Evidence from HPLC
and Mass Spectrometry' Chemical Geology 32:173-188

Kotra, R.K., Shimoyama, A., Ponnamperuma*, C., Hare, P.E., and
Yanai, K.: 1981, 'Organic Analysis of the Antarctic Carbo-
naceous Chondrites' In: Origin of Life (Wolman, Y , ed )
Dordrecht, Holland: D. Reidel, p. 51-57•

Mackenzie, A.S., Patience, R.L., and Maxwell, J.R.I: 1981,
'Molecular Changes and the Maturation of Sedimentary Or-
ganic Matter', In: Ori@in and Chemistry of Petroleum
(Atkinson, G., Zuckerman, J.J., eds.). New York: Pergamon,
p. 1-31.

IM. Calvin and A.L. Burlingame, Co-Principal Investigators
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Moore, C.B., Cronin*, J.R., Pizzarello, S., Ma, M.-S., and
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ceous Chondrites', In: Proceedings of the 6th Symposium
on Antarctic Meteorites (Nagata, T., ed.). Tokyo: Na-
tional Institute of Polar Research, p. 29-32. (Memoirs,
Special Issue No. 20)

Nagy*, B., Engel, M.H., Zumberge, J.E., Ogino, H., and Chang,
S.Y.: 1981, 'Amino Acids and Hydrocarbons in the ~3,800-
Myr Old Isua Rocks, Southwestern Greenland', Nature 289:
53-56.

Nyberg, A.V. and Schopf*, J.W.: 1981, 'Microfossils in Stromat-
olitic Cherts from the Proterozoic Allamoore Formation of
West Texas', Precambrian Research 16: 129-141.

Ogino, H. and Nagy*, B.: 1981, 'Pyrolysis of Transvaal Kerogens.
II. An Evaluation of Vacuum Pyrolysis with Polyethylene,
Polystyrene and Their Mixtures with Minerals', Precambrian
Research 15: 113-130.

Peters, K.E., Rohrback, B.G., and Kaplan*, I.R.: 1981, 'Carbon
and Hydrogen Stable Isotope Variations in Kerogen during
Laboratory-simulated Thermal Maturation', American Associa-
tion of Petroleum Geolo@ists Bulletin 65: 501-508.

Peters, K.E., Rohrback, B.G., and Kaplan*, I.R.: 1981, 'Geo-
chemistry of Artificially Heated Humic and Sapropelic Sedi-
ments. I. Protokerogen', American Association of Petroleum
Geologists Bulletin 65: 688-705.

Ripley*, E.M. and Nicol, D.L.: 1981, 'Sulfur Isotopic Studies
of Archean Slate and Graywacke from Northern Minnesota:
Evidence for the Existence of Sulfate Reducing Bacteria',
Geochimica et Cosmochimica Acta 45: 839-846.

Schopf*, J.W.: 1981, 'The Precambrian Development of an Oxygenic
Atmosphere', U.S. Geological Survey Professional Paper
II61-B, ii p.

Shaw, G.J., Eglinton, G., and Quirke, J.M.E.I: 1981, 'Structural
Analysis of Tetrapyrroles by Hydrogen Chemical Ionization
Mass Spectrometry', Analytical Chemistry 53: 2014-2020.

Simoneit, B.R.T., Brenner, S., Peters, K.E., and Kaplan*, I.R.:
1981, 'Thermal Alteration of Cretaceous Black Shale by
Diabase Intrusions in the Eastern Atlantic. II. Effects on
Bitumen and Kerogen', Geochimica et Cosmochimica Acta
45: 1581-1602.

IM. Calvin and A.L. Burlingame, Co-Principal Investigators
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Origin and Evolution of Life
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Park, MD: University of Maryland Press, p. 235-244•

9



Fox*, S.W.: 1981, 'Copolyamino Acid Fractionation and Protobio-
chemistry', Journal of Chromatography 215: 115-120.

Fox*, S.W.: 1981, 'From Inanimate Matter to Living Systems',
American Biology Teacher 43(3): 127-140.

Fox*, S.W.: 1981, 'How Many Theories for the Origin of (proto)
Life?', In: Biomolecular Structure, Vol. 2 (Srinivasan,
R., ed.). New York: Pergamon, p. 643-646.

Fox*, S.W.: 1981, 'A Model for Protocellular Coordination of
Nucleic Acid and Protein Syntheses', In: Science and
Scientists: Essays by Biochemists, Biologists, and Chemists
(Kageyama, M., et al., eds.). Tokyo: Japan Scientific
Societies Press, p. 39-45.

Fox*, S.W.: 1981, 'Origins of the Protein Synthesis Cycle',
International Journal of Quantum Chemistry: Quantum Biology
Symposium 8: 441-454.

Fox*, S.W., Harada, K., and Hare, P.E.: 1981, 'Amino Acids from

the Moon: Notes on Meteorites', In: Subcellular Biochemistry
vol. 8 (Roodyn, D.B., ed.). New York: Plenum, p. 357-373.

Fox*, S.W. and Nakashima, T.: 1981, 'Terrestrial Evolution of
Polymerization of Amino Acids: Heat to ATP', In: Origin
of Life (Wolman, Y., ed.). Dordrecht, Holland: D. Reidel,
p. 271-276.

Fredrick, J.F.I: 1981, 'Glucosyltransferase Isozymes Forming
Storage Glucan in Prochloron, a Prokaryotic Green Alga',
Phytocnemistry 20(10): 2353-2354.

Garduno, R., Haydock, K., MacElroy*, R.D., and Rein*, R.: 1981,
'Purine-amino Acid Hydrogen Bonding Interactions and Sug-
gestions for Modeling the LAC Operator-repressor System',
Annals of the New York Academy of Sciences 367: 281-294.

Giovannoni, S.J. and Margulis*, L.: 1981, 'A Red Beneckea
from Laguna Figueroa, Baja California', MicroSi6S 30"_
47-63.

Herdman, M.I: 1981, 'Deoxyribonucleic Acid Base Composition and
Genome Size of Prochloron', Archives of Microbiology 129:
314-316.

Holmquist, R. and Jukes*, T.H.: 1981, 'The Current Status of
REH Theory' Journal of Molecular Evolution 18:47-59

IR. Lewin, Principal Investigator
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