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This is a foundation course, basically “Biology for Non-Biologists”.  The goal of the course is to present basic biological approaches and ideas, and not to serve as an introductory biology course for biologists. Although prior knowledge is not strictly necessary, students that have no background in biology may have to invest in reading basic background material. I present 14 topics that will be studied during the course. 

1. The definition of life and of a minimal biological system.
The kind of entities that interest the biologist.

What are the characteristics of life? An exercise and discussion with the students.

Aristotle's soul. A principle of dynamic, self- maintaining, organization.

Hoe does the definition of life guide research?

Minimal life: Eigen's model - self replicating nucleic acids, or other self-replicating linear polymers.

Minimal life: Kaufmann's model of protein networks.

Minimal life: Cairns-Smith's model of reproducing clay crystals.

Minimal life - the self-sustaining loop??? Is it or isn't it enough? Freeman Dyson.

The minimal biological model - the minimal phenotype: Ganti's chemoton model: autotcatalytic cycle --> membrane units, "genotype" units (for an informational molecule, whose original role is as a counting mechanism).

Summary: self maintenance as an organizing principles in all the origin of life theories. Natural selection as an emergent property in a system with entities exhibiting heredity, hereditary variation and multiplication, and a fitness differentiating world.

2. The experimental method and its application within the life sciences.

Historical background. The scientific revolution and the change in the perception of nature. Some experiments in 17th and 18th century based on preformation and epigenesis theories.

Descartes - the mechanistic attitude to the organism. Dualism. Mechanistic epigenesis. 

Harvey's observations on the circulation of blood. Epigenesis and preformation. 

Redi's experiments on spontaneous generation.

Needham and Buffon: experiments on spontaneous generation and the nature of generation.

Spalanazani's experiments on spontaneous generation and on fertilization. Discussion with students of Spalanzani’s experiemnts.

Von-Haller and Wolf - epigenesis and preformation in the second half of the 18th century.

Paster's and Pouchet's experiments in the 19th century. An exercise in the sociology of science.

3. Evolution theories.
Creation myths and the emergence of evolution theories in the 19th century.  The common roots of evolutionary theories with the development of social theories (sociology) during the late 18th century.

Lamarck. The Philosophie zoologique. 

Darwinism. The origin of species. The theory of common descent and the theory of natural selection. Mayr's analysis.

Social Lamarckism and social Darwinism.

4. The diversity of life.
Diversity within the organism, within and between species. Ecosystems.

How can diversity be organized? How can we identify and classify? What are the criteria?  

Hierarchy and relations. Why is the pattern of organization hierarchical? Inclusive and exclusive hierarchies.

The establishment of classification criteria.

Historical background - Aristotle, Ray, Linneus, Buffon, Adanson.

Evolutionary classification. The concepts of homology and analogy. Cladistic and phenetic classifications.

Exercise - classify imaginary fish (give them the figure). Discussion.

5. The discovery of microscopic organization: the cell
Historical background (Hook, Grew, Malpigi, von Haller, Leeuwenhoek, Schlieden, Schwan, Virchow).  The importance of technology and its dissemination, and the importance of presuppositions on the nature of "basic units". How can we identify different structures as cells?  Structural criteria, developmental history. How can we discover that a cell comes only from a cell and does not form de-novo?

The organization of the cell. Basic cellular structures and macromolecules.  The metaphor of the cell as a chemical factory - the line, the executive office, the hierarchical view. 

The metaphor of the cell as a soft computer - the net.

The dance of the chromosomes - mitosis and meiosis.

Back to the egg and the sperm - the consequences of the discovery of their cellular nature for developmental and evolutionary theories.

Mitosis and Meiosis figures distributed.  Show the students a film on the two processes.

Exercise - the results of disturbing key processes (segregation, crossing-over,  etc) on the properties of daughter cells.

6. Heredity
How should we think about heredity?

The pangenesis theory - the Greeks and Darwin.

Galton and Weismann -  mainly Weismann’s germplasm theory - a chromosomal theory of heredity, development and evolution.

Gregor Mendel. The breeders' tradition.  Mendel experiments. The first law. A quantitative analysis of experimental results. Basic concepts in statistics.

Uni-factorial inheritance, problems and solutions.

The students receive a dictionary of basic concepts.

Discussion of Mendel's approach compared to the approaches of Darwin and Weismann.

7. Heredity and Society
Mendel again. The second law. Mendel's view of evolution.

Pedigrees and their analysis. Analysis of 5 pedigrees with uni-factorial inheritance.

Discussion.

Inbreeding effects, environmental effects, genotype/phenotype distinction.

Quantitative characters.

Eugenics. A historical review and the analysis of 2 pedigrees constructed by Davenport, 1915 (for criminality and sexual immorality).

Analysis of a pedigree describing the pattern of transmission of the Kuru disease.  

Heredity as a non-unitary concept.

8. DNA.
Historical background. The discoveries that led to the realization that DNA is the genetic material - biochemistry and microbiology (Griffith, and later Avery's experiments), polymer chemistry and crystallography (Franklin, Pauling, Wilkins), physics, information theory and breaking codes. Schrodinger's dilemma, and Delbruck's research program.

The structure of the DNA and its replication. Reading - the original Watson and Crick paper, Some sociology of science - the story of Rosalind Franklin.

The genetic code and the transfer of information from DNA to protein.

The meaning of mutations - structural and functional.

Genetic engineering. 

9. Regulatory systems.
The concept of homeostasis - Bernard. The external and internal environment, and the dynamic stability of states and processes.  

Enzymes and what they do. The nature of chemical "work".

Regulation at the protein level. Biosynthetic pathways and negative feedback regulation.

Physiological regulation. Example - control of temperature in hot-blooded mammals and birds.

Genetic regulation - the lactose operon. 

The stability of the trajectory of change - Waddington's concept of homehoeresis. What kinds of regulation will lead to this type of stability? Self-organization under powerful constraints and thresholds? Big open questions. From stability to change. The nature of developmental transitions. The need to identify the dynamics of the changing states. 

Succession in ecosystems.

Ecological self-maintenance: the Gaia hypothesis and the daisy world.

10. Ontogeny - the life cycle 
The initial condition.  The structure of the egg. The process of fertilization. Maternal effects. Different types of maternal effects.

The role of noise in the formation of asymmetries in a symmetrical system.

How does differentiation first happen? The mosaic egg, the importance of noise, the importance of reaction dynamics.

How are changes stabilized? Cellular memory. The different systems of cellular memory, and stabilization by the cell-group.

The formation of shape. Turing, positional information, the clock model. The role of the extracelluar matrix in the formation and the change of shape.

Exercise - the analysis of Roux's and Driesch's experiments. 

The students are given pictures of embryogenesis in the frog and in the chicken. A film is shown.

11. The evolutionary synthesis.
Historical background. The fusion of neo-Darwinism with classical genetics. The synthesis includes paleontology, cytology, systematics, etc, but excludes development.

The central role of natural selection. The concepts of adaptation and fitness. The structure of the theory.

Artificial selection. Some examples (domestication).

Natural selection in nature - the evolution of Batesian and Mullerian mimicry in butterflies.

Different types of selection.

Exercise - analysis of graphic data on the increase in DDT resistance.

The problems of evolution as seen by the architects of the  synthesis, and their resolution within its framework.
Time. (was there enough time?)

Altruism.

Shifts between adaptive peaks.

Neutrality at the DNA level.

12.  Behaviour and Learning
The description of behaviour in terms of stimulus and response.

Learning. Conditioning.

Different types of learning and different types of memory. (Declarative and spatial).

The experiments of Garcia.

The ethological school. Lorenz and Tinbergen. "Innate" responses, what they mean and what they do not mean. Filial imprinting in the chick. Sexual imprinting.

The evolution of behaviour. The evolution of social behaviour.  The program of sociobiology.

13.The roots of culture: Sociobiology and cultural evolution. 

Hamilton, Williams and Maynard Smith. The analysis of the evolution of social behaviour with the tools of genetics and game theory. Kin selection, reciprocal altruism, handicap principles, and so on. 

The role of social learning in animal societies.

Human Sociobiology from Wilson till today.  The explanation of mate selection by human sociobiologists - David Buss and Cosmides and Tooby. 

The more cultural perspective: Cultural evolution. Cavalli-Sforza and Feldman and Boyd and Richerson. The evolution of dialects. Co-evolution of genes and culture - the story of the evolution of Lactase-I regulation.

Other stories. The Kuru disease yet again.

A discussion on human sociobiology.

14. The sociology of science.
How do scientists work? How do theories change?  Popper, Khun and others. Normal science and science in crisis. Logical and technical constraints, and the social construction of science.  Some examples from the course - the Pasteur case. The assumption that the gene is a protein, and the interpretation of Avery's experiments (the status of biochemistry versus phsyics). Denying a role for the cytoplasm in genetic analysis (Sapp), and the minimization of the role of symbiosis. 

The role of linguistic brain-washing - the "replicator" rules since the 70's. 

The liberation from the iron-grip of the gene-centred view of heredity and development, since the 80's. Barbara McClintock, genomics, the cell as a unit of organisation, and the ascend of developmental biology.

The book that (historically) guided the course was:

“The Problems of Biology”, John Maynard Smith, OUP 1986.

(Still useful!!!)

1. The origin of life

“The Emergence of Life on Earth” – Iris Fry, Rutgers University Press, 2000.

Hebrew  - “Origin of life ” Iris Fry, Broadcast University, 1997.

2. The experimental method in Biology

Hebrew – “History of Heredity” – Jablonka Eva, Broadcast University, 1994.

“Science as a Way of Knowing”, John, A. Moore, Harvard University Press, 1993.

“The Logic of life: a History of Heredity”, Francois  Jacob, 1989. (Penguin Edition).

(can be found in Hebrew : "הלוגיקה של החי")

3. Evolution theories.

Hebrew – “Evolution”, Eva Jablonka, Open University of Israel, (First Unit), 1994-1997.

“Evolution, the History of an Idea” Peter J. Bowler, University of California Press, 1983/9.

“The problems of Evolution” Mark Ridley, Oxford University Press, 1985.

“The Growth of Biological Thought”, Ernst Mayr, Belknap Press, 1982.

4. The comparative method and the diversity of life.

“The Growth of Biological Thought”, Ernst Mayr, Belknap Press, 1982.

Hebrew – “Evolution”, Eva Jablonka, Open University of Israel, (First Unit), 1994-1997.

5. The Cell

“The Birth of the Cell” Henry Harris, Yale University Press, 2000.

“Science as a Way of Knowing” , John, A. Moore, Harvard University Press, 1993.

 6. Heredity

Hebrew – “History of Heredity” – Jablonka Eva, Broadcast University, 1994.

Science as a Way of Knowing” , John, A. Moore, Harvard University Press, 1993.

7. Heredity and Society

Hebrew – “History of Heredity” – Jablonka Eva, Broadcast University, 1994.

Hebrew – “Eugenics” – Mina and Dan Graur, Broadcast University, 1992.

“Not in Our Genes “, Lewontin R.C., Rose, S. And Kamin L., Pantehon Books, 1984.

“Biology as Ideology” Lewontin R.C. Harper Collins, 1991.

8. DNA

“The Century of the Gene” Evelyn Fox Keller, Harvard University Press, 2000.

“The Double Helix” James Watson, Atheneum 1968. (exists in Hebrew: (הסליל הכפול
The Eighth Day of Creation” Horace Judson,  2nd Edition, Simon and Schuster 1997.

9. Regulation

“Why Zebras don’t have Ulcers” Robert M. Sapolsky, W.H. Freeman, 1994. 

“The Major Transitions in Evolution”, John Maynard Smith and Ëors Szathmáry, Freeman, 

1995. 

“The Ages Of Gaia” James Lovelock,  Norton New, York, 1988.

10. Development

Hebrew – “Developmental Biology”, Lia Ettinger and Fanny Dolzhansky, Open University 

of Israel, 1997.

Developmental Biology, Scott F. Gilbert Sixth Edition, Sinauer Associates,

Inc., Sunderland, MA 2000

Epigenetic Inheritance and Evolution – The Lamarckian Dimension, Eva Jablonk and Marion J. Lamb, OUP, 1995.

11. Behaviour and Learning

Animal Traditions: Behavioural Inheritance in Evolution. Eytan Avital and Eva Jablonka, Cambridge University Press, Chapter 3, 2000.

The Ape and the Sushi Master, Frans De Waal, Basic Books, 2001.

12. The roots of culture: Sociobiology and cultural evolution

The Adapted mind. Barkow J. Cosmides L. and Tooby J. 1992.  NY, OUP.

Animal Traditions: Behavioural Inheritance in Evolution. Eytan Avital and Eva Jablonka, Cambridge University Press, Chapter 4, 7, 8,  2000.

Culture and the Evolutionary Process. Boyd R. and Richerson P. J. Chicago, Chicago University Press, 1985.
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