Biology

Stavros Ioannidis / MA Cont. Phil.



General information

Day/time: Thursday 15.15 - 18.00, Library

Office hours: Monday 18.00 - 19.00
(old building, ground floor, first office on your left)

Email: stavros.ioannidis.phil@gmail.com
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Assessment

- Presentation of one or two papers

- Final essay (4,500-5,000 words, without the references)



Emergence of philosophy of biology in
the 70s

Three main reasons:

- physics-centrism of traditional philosophy of
science

- central place of biology in 20th century science
-> conceptual problems within biology

- ‘naturalistic turn’ in philosophy
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Evolution of animals according to Lamack, as depicted in Zoological Philosophy (1809, left), and in

Natural History of Invertebrate Animals (1815, right).
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What is the theory
of evolution?

1. Life evolves: populations change
with time

2. This change happens gradually
(over hundreds or millions of

years)

I
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organised beings
represent a tree.
[rregularly branched
some branches far
more branched. -
Hence Genera. - «as
many terminal buds
dying, as new ones

generated»
(1837, Notebook B)



What is the theory of evolution?

1. Life evolves: populations change with time

2. This change happens gradually (over hundreds or
millions of years)



What is the theory of evolution?

3. Speciation occurs (one species splits into two or
more)

species B species I’

N/

species A




What is the theory of evolution?

species A species B

\/

common ancestor

4. All species share a common ancestor!
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What is the theory of evolution?

5. Evolution occurs through natural
selection, which produces adaptations in
organisms (organisms appear as if they have

been designed)
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a) Region of photosensitive cells b) Depressed/folded area allows

limited directional sensttivity

Photoreceptors
Nerve
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What is the theory of evolution?

1. Life evolves

2. This change happens gradually
3. Speciation occurs

4. All species share a common ancestor

5. Evolution occurs through natural selection
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Phylogenetic Tree of Life
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Right: Hooke’s microscope
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Cell theory

-For the biologists of the 2nd half of the 19th century, the cell was the key to all
biological problems.

-> all vital functions (metabolism, development, reproduction, heredity) could
be considered as cellular activities - as activities that occur inside cells.

The cell theory consisted of 3 principles:

1. all plants and animals are made of cells

2. cells have all the characteristics of life (e.g. metabolism, growth, reproduction)

3. all cells arise_by division of preexisting cells

-> the cell as the universal structural and functional unit
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Modern Synthesis or neo-Darwinism

-evolutionary synthesis or Modern Synthesis or neo-Darwinism
or synthetic theory

-> synthesis of darwinism and mendelism
-> convergence between naturalists and geneticists

-> central event in the history of biology of 20th century
-the evolutionary synthesis took place during the 30s and 40s

-for many biologists it constitutes even today the fundamental
framework in evolutionary biology

-the phrase ‘evolutionary synthesis’ comes from Julian Huxley’s
(1887-1975) book: Evolution: the Modern Synthesis (1942)



Modern Synthesis or neo-Darwinism

2 main theses:

-> evolution occurs natural selection that acts on variation that results
from mutation and recombination

-> the phenomena observed by paleontologists, systematists, and field
biologists can be explained in a manner compatible with already known
genetic mechanisms

-‘merging’ of different specialties (and not a replacement of one 'paradigm
with another)

-conditions of the 2nd world war favourable for such a synthesis, as
research in the field and in labs is hindered



Modern Synthesis or neo-Darwinism

-a central tenet of the synthetic theory:
-> patural lations contain a lar n . and thus enough

variation for natural selection to act

- new mutations are rarely the direct source of variation on which natural
selection acts

- variation mostly results from genetic recombination

- there is no relationship between mutation rate and the direction of
evolution

-> this view spread during the 40s



Population Genetics

-emergence of population genetic in the 1920s

-quantitative models of evolutionary processes

-evolution as change in gene frequencies in populations
|Hardy-Weinberg equilibrium]|

-> natural selection as a force that changes gene frequencies

->R. A. Fisher (1890-1962) & |. B. S. Haldane (1889-1988) in UK
-> Sewall Wright (1892-1964) in USA

-founders of theoretical population genetics



Population Genetics

Haldane:

-series of articles between 1924 & 1931, in which he
constructs population genetics models

->in 1924 publishes a classic example of evolution,

the case of the peppered moth
(Amphidasys betularia)

-> shows the power of natural selection

[-> frequency of melanic form < 1% in 1848, until 1901 ~ 99%
-> calculates that melanic form must have had 50% selective advantage]|

-Main conclusion of population geneticists:
-> even a small genetic difference could spread quickly through the population

-> many neo-Lamarckians are convinced (e.g. Ernst Mayr, Bernhard Rensch)
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

wish to suggesl @ structure for the salt

of deoxyribose nucleic acid (D.N.A.). This

gtructure has novel features which are of considerable
biological interest.

A structure for nucleic acid has already been
proposed by Pauling and Corey'. Thoy kindly made
their manuscript available to ws in advance of
publication, Their model consists of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on tho outside. In our opinion,
this structure is unsatisfactory for two veasons :
(1) We believe that the material which gives the
X-ray diagrams is the salt, not the free acid. Without
the acidic hydrogen atoms it is not clear what forces
would hold the structure together, especially as the
negatively charged phosphates near the axis will
repel each other. (2) Some of the van der Waals
distances appear to he too small.

Another three-chain structure has also been sug-
gested by Fraser (in the press). Tn his model the
phosphates are on the outside and the bases on the
inside, linked together by hydrogen bonds.  This
structure as described is rather ill-defined, and for
this reason we shall not comment
on it.

We wish to put forward a
radically different strueture for
the salt of deoxyriboze nucleie
acid. This strueture has two
helical chains each coiled round
the same axis (sco diagram). We
have made the usual chemical
assumiptions, namely, that each
chain consists of phosphate di-
ester groups joining B-p-deoxy-
ribofuranose residues with 3,5
linkages. The two chains (but
not their bases) are related by a
dyadd perpendicular to the fibre
axis. Both chains follow right-
handed helices, bui owing to
the dyad the sequences of the
atoms in the two chains run
in opposite direstions.  FKach
chain  loosely resembles  Fur-
herg's* model No. 1; that is,
he bases are on the inside of
T Aot el the helix and the phosphates on
diageammatle. 1oy the outside. The configuration
{i&‘,’(’m symbolize the  of tho sngar and the atoms
h“’“-“l-‘h?tﬂ:{m:ﬁﬁ‘:ﬁ;‘i near it is close to Furberg's
la)?xmnl Tods the pairs of  ‘standard configuration’, the
'w’:‘.’,{‘g;““n}J'qu}rﬁ sugar being roughly perpendi-
line marks the fibre axis ~ eular to the attached base. There
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is & residue o each chain every 34 A. in the z-direc-
tion. We have assumed an angle of 386° between
adjacent residues in the same chain, so that the
strueture repeats after 10 residues on cach chain, that
is, aftor 3¢ A. The distance of a phosphorus atom
from the fibre axis is 10 A. As the phosphates are on
the outside, cations have easy access to them.

The structure is an open one, and its water content
is rather high. At lower wator contents we would
expeet the bases to till so that the strueture could
beeome more compact.

The novel feature of the strueture is the manner
in whieh the two chains are held together by the
purine and pyrimidine bases. The planes of the bases
are perpendieular to the fibre axis. They are joined
together in pairs, a single base from one chain being
hydrogen-bonded to a single base from the other
chain, so that the two lie side by side with identical
z-co-ordinates. One of the pair must be a purine and
the other a pyrimidine for bonding to occur. The
hydrogen bonds are made as follows : purine position
1 to pyrimidine position 1; purine position 6 to
pyrimidine position 6,

Tf it is assumed that the bases only occur in the
structure in the most plausible tautomeric forms
(that is, with the keto rather than the enol con-
figurations) it is found that only specific pairs of
bases can bond together. These pairs arve : adenine
(purine) with thymine (pyrimidine), and guanine
(purine) with cytosine (pyrimidine).

In other words, if an adenine forms one member of
a pair, on either chain, then on these assumptions
the other member must bo thymine ; similarly for
guanine and cylosine. The sequence of bases on a
single chain does not appear to be restricted in any
way. However, if only specific pairs of bases can be
formed, it follows that if the sequence of bhases on
one chain is given, then the sequence on the other
chai is automatically determined.

It has been found experimentally®?* that the ratio
of the amounts of adenine to thymine, and the ratio
of guanine to eytosine, are always vory close to unity
for deoxyribose nueleic acid.

It is probably impossible to build this structure
with & ribose sugar in place of the deoxyribose, as
the extra oxygen atom would make too close o van
der Waals contact.

The previously published X-ray data®* on deoxy-
ribose nuecleic acid arve insufficient for a rigorous test
of our structure. BSo far as we can tell, it is roughly
compatiblo with the experimental data, but it must
be regarded as unproved until it has been checked
against more exact results. Some of these are given
in the following communications. We were not aware
of the details of the results presented there when we
devised our strueture, which rests mainly though not
entirely on published experimental data and stereo-
chemical arguments.

It has not escaped our notice that the specific
pairing we have postulated immediately suggests a
possible copying mechanism for the genetic material,

Full details of the structure, including the con-
ditions assumed in building it, together with a set
of co-ordinates for the atoms, will be published
elsewhere.

We are much indebted to Dr. Jerry Donohue for
constant adviee and eriticism, especially on inter-
atomic distances. We have also been stimulated by
a knowledge of the general nature of the unpublished
oxperimental results and ideas of Dr. M. H., F.
Wilking, Dr. R. E. Franklin and their eo-workers at

Nobel Prize in
Physiology or Medicine
(1962) -Crick, Watson &
Wilkins

"for their discoveries
concerning the
molecular structure of
nucleic acids and its
significance for
information transfer in
living material”



Structure of the course

The course consists of 5 thematic units:

1 Phil hical . luti biol

Weeks 2-5 (evolution, natural selection, adaptation, adaptationism, niche
construction, teleology, units of selection)

2 The ontology of evolution

Weeks 6-7 (organisms, biological individuals, biological species, higher taxa)

3 Phil hical . i and molecular biol

Weeks 8-10 (reductionism, gene, genetic causation, genetic information)

4 Bio) .

Week 11 (biological laws and mechanisms, complexity, evolutionary progress, life)

5 Evolution and human nature
Weeks 12-13 (sociobiology, evolutionary psychology, cultural evolution, human
nature, evolutionary ethics)



10

11

12

13

Topic
Introduction
Evolution and natural selection
Adaptationism and niche construction

Teleological concepts in biology

The units of selection and the gene’s-eye view of evolution

Organisms and biological individuals

Biological species and higher taxa
The concept of the gene

Reductionism in biology
Genetic information
Biological laws and mechanisms

Evolutionary explanations of social behaviour

Cultural evolution and human nature

PB

PB ch. 1

PB 28-42

PB 50-59

PB 59-65

PB 42-49
93-99

PB 66-80

PB 100-119
PB 81-93

PB 144-157
PB 11-27

PB 120-136

PB 45-49
PB 136-143

DG

DG part 2

DG part 3



Richard Dawkins , 1Tnine76 The selfish gene
Quine Epistemology naturalised
taxonomy classification

rank

naturalists

Buffon

Lamarck

saltationists

finches / mockingbirds / turtle
evolutionary lineage

LUCA

life experiment - genetic code



* patterns - process in evolution
* vestiges - vestigial traits

e trait = feature / characteristic



