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7.1 In the Beginning . . .

In the beginning, there was the Big Bang. Then the universe inflated, after which
there was only hot plasma of quarks and gluons and other relativistic particles.
Particle and antiparticle pairs were continuously formed and destroyed in extreme
heat. A small excess of quarks and leptons over antiquarks and antileptons resulted
in the predominance of matter over antimatter. At about 10–6 s, quarks and glu-
ons combined to form baryons such as protons and neutrons. As the temperature
dropped with continuing expansion of universe, no new proton–antiproton or
neutron–antineutron pairs could be formed, and a mass annihilation of particle and
antiparticle occurred (Kolb and Turner, 1990). In 3 min, the universe was filled with
light (photons), and with continued cooling of the universe in the span of 380,000
years, protons became hydrogen by acquiring an electron, photons were decoupled
from matter to fly away eventually becoming the microwave background of today.
Aggregates of molecules of hydrogen and helium became densely packed with grav-
ity, finally igniting nuclear fusion, forming stars. In about a billion years after the
Big Bang, quasars and galaxies began to form. Large populations of stars were born,
aged, and died, in spectacular explosions as supernovae, or shrinking into a black
hole. Heavier elements including carbon and metals were created in the nuclear
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furnace of stars and then scattered in space when the stars went supernova. From
the debris of exploded stars, the cosmic dust, new stars were born and new galaxies
were formed, continuing the process of cosmic evolution (Bertschinger, 1998).

According to Smolin, black holes may produce other universes, just as our uni-
verse seems to have started from a black hole through the Big Bang (Smolin, 1999).
In this multiverse theory, there would be many universes, some of which may be
adapted to multiply and eventually to produce life, and others would simply shrink
back into a black hole and give rise to another universe.

In our universe, by around 9 billion years, or 4,500 million years ago (MA), a
small, insignificant planet was formed of cosmic dust in the gravitational system of a
medium-sized star called the sun in an outer spiral of the milky way galaxy, an ordi-
nary galaxy among billions (Wikipedia, 2008; Wright, 2004). Early earth was very
hot and the atmosphere was composed of hydrogen and helium, much of which flew
away escaping earth’s gravity. Volcanic activity spewed out gasses that formed the
bulk of atmosphere, including H2O, CO2, SO2, CO, S2, Cl2, N2, H2, NH3 (ammo-
nia), and CH4 (methane). As the earth cooled in the Archean period some 3,800
million years ago (MA) to 2,500 MA, H2O congealed into water; oceans, continen-
tal plates, and rocks were formed. Some of the H2O on the surface of the planet was
broken up by ultraviolet rays to form oxygen in the atmosphere.

The atmosphere of the primitive earth was a strongly reducing one, in which
glycine was synthesized from formaldehyde and hydrogen cyanide. Adenine was
synthesized through hydrogen cyanide polymerization. Various nucleotides may
have been formed catalyzed by metals and clay in various parts of the earth includ-
ing volcanic vents, and some might have also been formed outside earth but arrived
in meteorites and comets. So there were places on earth teeming with molecules
ready for the next phase of earth’s evolution – life (Fig. 7.1).

Perhaps, on a dark and stormy night about 3.5 billion years ago, in the pools
of hot soup consisting of water, ammonia, and other organic molecules that were
all colliding with each other, copies of some molecules were formed in the mix.
Such molecules may have been lowly clay or simple linear polymers (Cairns-Smith,
1982). Some such molecules, particularly those consisting of RNA, found them-
selves inside spontaneously formed vesicles whose walls consisted of phospholipids
(Hanczyc and Szostak, 2004). Such vesicles may spontaneously bud and divide, and
those replicating molecules that were kept together in such vesicles and divided had
a survival advantage, eventually resulting in stable cells (Fig. 7.2). The RNA in
some such vesicles may have attracted the right chemicals to build a cell wall. Some
RNA probably formed DNA, a reverse process of modern RNA being copied from
DNA. Even a single DNA-containing replicating cell so formed could be the origin
of all cells as it gave rise to more cells, most of them identical, but some not, due
to copying errors. Copying errors gave rise to variation in the offspring cells that in
turn had variation.

Some such cells happened to incorporate chemicals within the cell that were able
to capture the photons to store energy – photosynthesis by cyanobacteria, which
contributed to a change in the composition of the earth’s environment by adding
more oxygen to it.
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Fig. 7.1 Steps in possible prebiotic syntheses of adenine from HCN. (a) The formation of the
HCN tetrane. (b) The conversion of HCN tetramer to AICN. (c) The formation of purines from
AICN or from its hydrolysis product 4-amino-imidazole-5-carboxamide (III). From (Orgel, 2004)

Fig. 7.2 Giant phospholipid vesicles were labeled with two different domain-specific dyes.
A fission sequence triggered by heating the vesicles was captured by two-photon microscopy.
(From Baumgart et al., 2003, reproduced with permission from Nature)
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7.2 In a Changing, Hostile World

As we have seen, the atmosphere of early earth was frankly toxic, but perhaps such
a hot atmosphere bombarded by meteorites and infused with gasses and debris from
constant volcanic activity might have produced just the kind of mixing and shaking
and turmoil to produce the beginnings of life. But life must have been hard for the
self-replicating cells, and above all unpredictable. Many replicating molecules and
protocells must have been formed, had a brief existence, and then perished in the
changing, toxic environment. This constant churning of emergence and destruction
of replicating entities resulted in the survival of those that could adapt to the con-
stantly changing environment. Thus arose an algorithm that is evolution (Dennett,
1995), i.e., replicate with errors (variation), and those that can adapt (survive and
replicate) in a changed environment will prevail. Evolution is based on survival of
the most stable, in which survival of the fittest is a special case (Dawkins, 1976)
(See Tables 7.1 and 7.2).

As Dennet states, algorithms are blind – there is no meaning or direction, just a
procedure – in this case, the procedure by which variants that can best replicate in
changed environment will survive and replicate again. At this point, it is important
to recognize that what is survived is not the cell itself, but the replicators, the infor-
mation that makes the cell the way it is, i.e., the gene. When we speak of variation,
we are really referring to variations in the genetic information. DNA arose from
RNA; cells from protocells. Multicellular organisms arose through this algorithm
as replication with variation. Replication is more efficient when cells cooperate and
effectuate a division of labor – obtaining and storing energy on one hand and replica-
tion on the other. Ancient bacteria invaded some cell lines, became incorporated into
the cells, and became mitochondria with their own DNA. When such cells divided,
they carried the genes (information) for both the original cell (in the nucleus) and
the mitochondria (in the cytoplasm where mitochondria reside). Cells and bodies are
survival machines for the genes, Dawkins calls evolution a means of perpetuating
the selfish gene (Dawkins, 1976). This blind procedure, evolution, may lead to many
different directions, some fertile, others blind alleys. This procedure, over eons of
time, can produce exquisite intricacies in structure as well as complexities that are,
in retrospect, functional but stupid, such as the human eye. But we are getting ahead
of our story.

7.3 The Selfish Gene

Richard Dawkins clarified the fundamental principle of inheritance of living things
in his 1976 landmark book, The Selfish Gene. Life as we know it began with naked
RNAs that obtained clothes (cell walls), then DNAs arose with instructions for
building cells that multiplied. Dawkins saw that all living things are vehicles for
strands of DNA with instructions to preserve themselves through the copying pro-
cess called reproduction. We are all vehicles of genes, and the genes’ only interest
is their own survival and replication.
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It should be clearly stated here that the teleologic figure of speech commonly
adopted in discussions of evolution is just that – figure of speech for convenience.
Genes do not have any “desire” to replicate or “intention” to survive. It is just that
in the course of time, natural laws have it that replicating genes and organisms (or
packets of tissue containing genes) that happen to be sturdy (better containers) tend
to survive and multiply with the result that “genes that build better vehicles survive
and multiply.”

For genes to be successful, they require three characteristics: longevity, fecundity,
and copying fidelity. In other words, the organism (vehicle) must live long enough
to reproduce, and reproduce in large quantities, and the copies must resemble the
original.

A severe constraint is placed on the replicating genes by the environment. The
environment surrounding the genes (and the vehicles for them, the organisms) con-
sists of other genes and their vehicles, nutrients, toxins, and other hazards. When
the resources (e.g., food) are scarce, which was the state of affairs much of the time,
then there is naturally competition among the organisms to obtain the resources for
survival. From the selfish gene’s point of view, then, all other genes that are not like
themselves are rivals.

Another resource that is an object of severe competition is a mate for reproduc-
tion, as without it, the genes would perish. Organisms better built to find a mate will
make more of their own.

From the selfish gene’s point of view, altruism is not a problem at all. When
particular genes are widely distributed in a group of organisms (vehicles), the act
of one vehicle signaling others of danger, even if it risks sacrifice of that particular
individual, results in the preservation of large numbers of others that contain the
same selfish genes (Fig. 7.3).

Fig. 7.3 A phylogenetic tree of living things, based on RNA data and proposed by Carl Woese,
showing the separation of bacteria, archaea, and eukaryotes. Trees constructed with other genes are
generally similar, although they may place some early-branching groups very differently, thanks to
long-branch attraction. The exact relationships of the three domains are still being debated, as is
the position of the root of the tree. It has also been suggested that due to lateral gene transfer, a tree
may not be the best representation of the genetic relationships of all organisms. For instance some
genetic evidence suggests that eukaryotes evolved from the union of some bacteria and archaea
(one becoming the nucleus and the other the main cell). [Image from Wikimedia, public domain]
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7.4 Wonderful Random Errors

Fidelity of copying, a requisite of successful genes, results in the same gene with the
same instructions for building the organism. If this fidelity were perfect, then there
would be only single-celled organisms inhabiting the earth!

Fortunately for us, nature provided errors for gene replication. Errors in copying
resulted in variation and diversity. These errors arose from several factors: pure
random statistical errors that occur in any copying process, due to bombardment by
waves and particles such as photons, electromagnetic, thermal, and cosmic rays, and
other molecules and atoms. Many organisms thus formed by inexact copying were
incompatible with life or replication, but some survived, perhaps by dumb luck. And
then, the environment changed!

As we know, the earth’s crust and atmosphere changed rather drastically over the
eons of earth’s existence (see Table 7.1). Cells that emerged and replicated in the
Archean eon could hardly survive in the oxygen-rich atmosphere of the Proterozoic
eon. But the few cells with the errors in DNA so that they could survive in the toxic
oxygen atmosphere did survive, and some formed aggregates (e.g., green algae) that
resulted in better protection and efficiency in metabolism. Thanks to the random
errors, there was variation in the offspring, and the process of evolution of life had
begun.

Evolution is, then, the survival of the genes through mutation that are adapting
to the demands of changing environment. See Tables 7.1 and 7.2 for an overview of
evolution through time on planet earth.

7.5 Wonderful Invention of Sex

A wonderful but puzzling invention relatively early in the course of evolution is sex.
From a purely multiplication point of view, sexual reproduction is inefficient, i.e.,
takes up more energy, slow, and yields less numbers of offsprings compared to asex-
ual reproduction. For example, half of the population (males) does not reproduce
directly. Then, why is sex?

The most primitive organisms known to undergo meiosis and to reproduce sexu-
ally are protists, the primitive unicellular eukaryotes that arose early in Proterozoic
eon (1800 MA). Protists still exist, including those that cause malaria. Perhaps sex
originated when some parasites exchanged their genes with the host for transmission
and propagation with the host’s offspring (Hickey, 1982).

In prokaryotes such as bacteria and archaea that lack a nucleus, genes are typ-
ically stored in a single large, circular chromosome, sometimes supplemented by
additional small circles of DNA called plasmids, which usually consist of only a few
genes. Plasmids are easily transferable between individuals. For example, the plas-
mids may contain genes that encode for antibiotic resistance. They can be passed
between individual cells, even those of different species, via horizontal or lateral
gene transfer. Some organisms may have ingested another whose genes may have
been incorporated into the host genome.
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What is the advantage of such lateral gene transfer? Such newly incorporated
genes may have provided survival advantage, i.e., sturdiness, resistance to other par-
asites. Sex seems to have been optional for most protists with asexual reproduction
as needed.

Sex may have arisen as a form of vaccination. Eukaryan fusion sex may have
arisen from prokaryan unilateral sex-as-infection (Sterrer, 2002). In prokaryotes,
the single circular chromosome is haploid. Their “sex” is unilateral, a donor such
as plasmids and bacteriophages penetrates the organism and becomes a genetic
symbiont (Snyder and Champness, 1997). It has been reported that in some gram
positive bacteria, those lacking a certain plasmid secrete pheromone-like chemi-
cals that attract donors that contain the plasmid and induce conjugation (Dunny
et al., 1995). The relationship between the bacteria and their genetic symbionts
ranges from antagonistic to mutualistic. Such a symbiont may kill its bacte-
rial host and infect new bacteria laterally, or become integrated into the host’s
chromosome and be passed on vertically by the replicating host while provid-
ing immunity to superinfection by another symbiont of the same type (Sterrer,
2002).

In fact, the emergence of eukaryotes may be due to an infection of bacteria by
archae, the prokaryote single cell organism whose genome resembles that of the
cellular nucleus. Archae survives even in the present in extreme environments (such
as in geysers above 100◦C) like those of ancient times (Lopez-Garcia and Moreira,
2006). Alternate theories concerning the origin of cell nucleus include viral infec-
tion theory, and exomembrane theory postulates that the nucleus developed when
the intracellular elements developed a second membrane enclosing it (de Roos,
2006).

When a symbiont genome became integrated with the host genome in the
nucleus, “safe sex” emerged as “reciprocal vaccination.” If a mating resulted in
additive resistance, then there would have been selective advantage to such diploid
heterozygotes (Sterrer, 2002).

With the emergence of multicellular eukaryotic organisms, sex served as recipro-
cal vaccination of two conspecific genomes. Meiosis and recombination developed
as a mechanism of keeping the symbionts in check by breaking them up into frag-
ments and preventing their assembly into large pieces that may return to their
original virulence. In order to benefit from the vaccination, the offsprings had to
go through the “bottleneck” of having single-celled parents (Maynard Smith and
Szathmary, 1995).

The “safe sex” between two complete genomes in eukaryotes marks the distinc-
tion between self, mate, and foreign; self being an identical genome. “Mates” are
nonidentical but compatible genomes that carry complementary resistance genes,
considered to be the origin of mate selection for heterozygosity (Reusch et al.,
2001).

Once sex has been invented, there are other reasons why sex is maintained in spite
of its costs. One is that sex provides the means for efficient removal of deleterious
genes through meiosis and recombination. Diploid organisms can repair a mutated
section of the DNA through homologous recombination as there are two copies of
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the gene in the cell and one copy is presumably not damaged. Sex also mixes up
genes and facilitates the creation and propagation of genes for advantageous traits.
The “Red Queen” hypothesis (Bell, 1988) proposes that sex creates unique geno-
types that may be better adapted to changing environment, i.e., like the red queen in
Through the Looking Glass by Lewis Carroll, you have to keep on running (adapt-
ing) to remain in the same place (maintain the organism’s niche vis-a-vis coevolving
organisms such as parasites in the changing environment).

Infection of organisms by others resulting in the infusion and incorporation of
new information in the form of genetic instructions seems to have given rise to the
wonderful complexity of sex, whose function is to constantly mix up and create new
information. This process led to the evolution of most extant living things including
ourselves.

7.6 Darwin and Natural Selection

Charles Darwin (1809–1882) proposed the theory of evolution based on careful
observation of geologic and biologic evidence in his book, The Origin of Species
(1859).1 Darwin was an English naturalist who first studied medicine at Edinburgh
University, then theology at Cambridge.

The captain of the expedition ship, HMS Beagle, committed suicide during her
first voyage and Captain Robert FitzRoy took over. For the second voyage, FitzRoy
decided he needed a “gentleman companion” and hired young Darwin in that capac-
ity. The second voyage of HMS Beagle lasted 5 years though originally planned for
two and carried out detailed surveys sailing across the Atlantic Ocean and around
the coasts of southern South America, Tahiti, and Australia, circumnavigating the
earth. Darwin collected and studied fossils, plants, and animals during the voyage
that formed the basis of his theory of evolution and natural selection. Darwin pub-
lished his journal written during the voyage, The Voyage of the Beagle, which earned
him a name as a naturalist.

In The Origin of Species, he proposed on the basis of his careful observations and
other scientific evidences that all species of life evolved over time from common
ancestors through the process of natural selection. Alfred Russel Wallace, a natu-
ralist working in Borneo, had similar ideas and communicated them with Darwin,
which resulted in a joint publication of Wallace’s paper and an abstract of Darwin’s
forthcoming book. It was Darwin’s book, however, that eventually revolutionized
science and formed the foundation of biology by providing a unifying principle.
Darwin explored human evolution and sexual selection in The Descent of Man, and
Selection In Relation to Sex (Darwin, 2002–2008; van Wyhe, 2008).

1 The original 1859 full book title was On the Origin of Species by Means of Natural Selection or
the Preservation of Favoured Races in the Struggle for Life, which was changed to The Origin of
Species in the 1872 edition.
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Natural selection is the mechanism Darwin proposed in 1859 through which there
was a gradual change in the phenotype of some members of the species that was bet-
ter adapted to a changing environment. Eventually, the gradual change was enough
that interbreeding between the changed and unchanged phenotype did not occur, and
thus a new species would emerge. Darwin described natural selection as an analogy
to artificial selection, in which humans systematically and selectively breed animals
with traits desirable to humans until such traits became defining traits of the brood.
At the time of Darwin’s writing, there was no general theory of inheritance and
genetics. It was not until the twentieth century that the works of Gregor Mendel,
who was a contemporary of Darwin but whose works lay in obscurity, would be
rediscovered (1900 by Hugo de Vries and Carl Correns), and molecular genetics
would emerge with the discovery of DNA as genes (1943 by Oswald Avery) and
the structure of DNA as double helix (1953 by James Watson and Francis Crick).
The discovery and elucidation of the DNA-based molecular mechanisms of genetic
inheritance gave rise to modern evolutionary theory. See Figures 7.5 and 7.6.

Darwin’s illustrations of beak variation in the finches of the Galápagos Islands
hold 13 closely related species that differ most markedly in the shape of their beaks.
The beak of each species is suited to its preferred food, suggesting that beak shapes
evolved by natural selection (Fig. 7.4).

Fitness is a central concept of natural selection. Though Darwin’s term, survival
of the fittest, implies individual survival, natural selection is in fact based on repro-
ductive success. The phenotypes that lead to most number of offsprings will prevail.
In addition to natural selection, Darwin described sexual selection as a means of
gradual accentuation of traits that do not have survival advantage, for example, pea-
cock’s tail. Sexual selection is based on advantages in competing for a mate for
reproduction.

Fig. 7.4 Darwin’s Finches.
Journal of researches into the
natural history and geology of
the countries visited during
the voyage of HMS Beagle
round the world, under the
command of Captain Fitz
Roy, R.N. 2nd edition. From
Darwin’s 1845 book, “Voyage
of the Beagle” this image is in
the public domain because its
copyright has expired in those
countries with a copyright
term of life of the author plus
100 years or less [from
Wikimedia]
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Fig. 7.5 An overview of the
structure of DNA
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Fig. 7.6 Chemical structure of DNA. The backbone of the DNA strand is made from alternat-
ing phosphate and sugar residues. The sugars are joined together by phosphate groups that form
phosphodiester bonds between the third and fifth carbon atoms of adjacent sugar rings. These
asymmetric bonds mean a strand of DNA has a direction. In a double helix the direction of the
nucleotides in one strand is opposite to their direction in the other strand. The asymmetric ends of
DNA strands are referred to as the 5′ (five prime) and 3′ (three prime) ends. One of the major dif-
ferences between DNA and RNA is the sugar, with 2-deoxyribose being replaced by the alternative
pentose sugar ribose in RNA. The DNA double helix is stabilized by hydrogen bonds between the
bases attached to the two strands. The four bases found in DNA are adenine (A), cytosine (C), gua-
nine (G), and thymine (T). These bases are classified into two types; adenine and guanine are fused
five- and six-membered heterocyclic compounds called purines, while cytosine and thymine are
six-membered rings called pyrimidines. A fifth pyrimidine base, called uracil (U), usually takes
the place of thymine in RNA and differs from thymine by lacking a methyl group on its ring.
Uracil is not usually found in DNA, occurring only as a breakdown product of cytosine [From
Wikipedia]. Permission is granted to copy, distribute and/or modify this document under the terms
of the “GNU Free Documentation License,” Version 1.2 or any later version published by the Free
Software Foundation; with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
A copy of the license is included in the section entitled “GNU Free Documentation License” [From
Wikimedia]

George C. Williams first explicitly advocated the gene-centric view of evolution
in his 1966 book Adaptation and Natural Selection. He proposed an evolutionary
concept of gene in which natural selection favored some genes over others.

Richard Dawkins argued in The Selfish Gene (Dawkins, 1976) and The Extended
Phenotype (Dawkins, 1982) that the gene is the only replicator in living systems.
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He argued that only genes transmit their structure largely intact and are potentially
immortal through the copying process. Therefore, genes are the units of selection.
Dawkins redefines the word “gene” to mean “an inheritable unit” instead of the
generally accepted definition of “a section of DNA coding for a particular pro-
tein.” Dawkins describes the idea of gene-centric selection in River Out of Eden
by describing life as a river of compatible genes flowing through geological time.
Scoop up a pail of genes from the river of genes, and we have an organism serving
as temporary survival machines for the genes. A river of genes may fork into two
or more branches representing noninterbreeding species as a result of geographical
separation.

In gene-centric view of evolution, a gene need not have a function in the con-
struction of the phenotype as long as the organism will keep on reproducing the
vessels for the gene. The so-called junk DNA may be an example. “Junk” DNA
does not contain instructions for protein coding, but they may be critically impor-
tant to an organism’s evolutionary survival by affecting others that do or by affecting
the stability of the chromosome itself. In one study with the fruit fly (Drosophila
melanogaster), the “junk DNA” regions, which account for about 80% of the fly’s
total genome, were found to be evolving more slowly than expected due to natural
selection pressures on the nonprotein-coding DNA to remain the same over time.
The “junk” regions also exhibit an unusually large amount of functional genetic
divergence between different species of Drosophila. This implies that, like evolu-
tionary changes to proteins, changes to these “junk” parts of the genome also play
an important role in the evolution of new species. The largest differences between
major species groups including fruit flies, reptiles, and mammals seem to be the
amount of “junk” DNA rather than the number of genes (Andolfatto, 2005).

7.7 Somatic Evolution

We have seen that our bodies may be conceptualized as temporary containers for
genes that attain immortality through replication. To be precise, however, it is the
cells in our bodies that contain the genes. It is natural, then, to expect evolutionary
processes occurring at the cellular level. Indeed, such somatic evolution plays an
important role in both disease and health.

Somatic evolution of neurons is an extremely important topic for our purposes
and will be discussed in Chapter 8.

Somatic evolution has been extensively studied in cancer. Some cells undergo
mutation that increases cell growth and others may have already mutated oncogenes
in them. For example, the human colonic epithelium is renewed every 3–5 days. For
such a high rate of turnover, there are large numbers of cells undergoing mitoses and,
therefore, large number of mutations. Cancers develop through genomic instability,
which generates diversity, from which clonal evolution may occur. In colorectal
cancers, three identifiable processes involved in generating diversity at the genetic
or epigenetic level have been reported (Boland and Goel, 2005). Colorectal cancers
may have chromosomal instability (CIN), microsatellite instability (MSI), or the
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CpG island methylator phenotype (CIMP). Each of these processes is reported to
be associated with a unique mutational or epigenetic “signature” identifiable in the
tumor cells.

After acquiring somatic mutations for cell growth, some of the cancer cells may
evolve to escape from the control of the microenvironment that is designed to keep
them in place through various messenger systems. Not all mutated cells can do this,
some may undergo enhanced proliferation without escaping environmental control.
For example, the prevalence of small thyroid tumors in postmortem examination
of people between the ages of 50–70 was 36%, while the incidence of clinically
apparent thyroid cancer in age-matched population was 0.1% (Harach et al., 1985).

Most cancer cells are aneuploid (abnormal number of chromosomes), which is
often manifested by the gain or loss of a whole of parts of chromosomes. Tumor
cells often have excess chromosomes, often 60–90 per cell. There may be other
chromosomal abnormalities such as deletions, inversions, duplications, and translo-
cations. Such chromosomal abnormalities often result in loss of heterozygosity of
particular genes. In an average tumor, about 25–30% of the normal alleles are lost,
in some cases as high as 75% (Lengauer et al., 1998). The loss of these alleles,
especially those of tumor suppressor and cell–cell adhesion control genes, may ben-
efit the rapidly replicating clonal populations of tumor cells as they allow cells to
rapidly adapt to the changing microenvironment (Smalley et al., 2005).

The effects of environmental evolutionary pressure on tumor cells have been
demonstrated in experimental models. The sequential passage of melanoma cells
through a reconstituted basement membrane (which mimics invasion into the dermal
microenvironment) or in serum-free media selects for clones that are tenfold more
invasive, metastatic and grow more rapidly in both serum-free and growth factor-
depleted media (Kath et al., 1991). The selected invasive melanoma cells required
continuous evolutionary pressure to maintain their phenotype and reverted to the
parental phenotype when the environmental stimuli were removed. Although the
effects of environmental selection pressure pushed the parent cells toward a more
aggressive phenotype, it seems that these changes were not fixed.

It appears that the tumor cell clones that manage to escape their local environ-
ment have lost strong cell to cell contact with their neighbors and are no longer
dependent on exogenous environmental cues to regulate their behavior (Smalley
et al., 2005). In most cancers, a critical first step in this local escape seems to be a
downregulation of E-cadherin expression or function. In melanoma, the first step in
the transformation is the escape from keratinocyte control. As keratinocytes regu-
late melanocyte growth very tightly, loss of keratinocyte–melanocyte interaction at
an early stage permits the earliest rounds of clonal expansion. E-cadherin inactiva-
tion or loss is required for escape of the earliest tumor cells from the primary focus
(Hirohashi, 1998). Melanoma cells also undergo a cadherin switch and upregulate
expression of N-cadherin (Hsu et al., 1996). There is evidence that the upregulation
of N-cadherin rather than loss of E-cadherin is more important for the invasive and
metastatic behavior of cancer cells. Upregulation of N-cadherin results in a num-
ber of survival advantages, such as reducing the rate of apoptosis, and less strong
cell–cell adhesion thereby permitting greater mobility.
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Immunocytes that are important in resistance to invading organisms through the
production of antibodies have been demonstrated to evolve through clonal selec-
tion. The enormous diversity in antibody-producing cells is achieved by a variety of
mechanisms including somatic recombination and mutation (Edelman, 1994).

7.8 Universal Darwinism

The process of evolution by natural selection is not unique to living things, though
Darwin first proposed it as an explanation of how species evolved from common
ancestors over time. To the extent that environment changes and entities (organic or
nonorganic) arise and disintegrate, natural selection takes place so that entities that
are better adapted to the changing environment will tend to become more numer-
ous. This principle has been applied to quantum physics to explain the emergence
of classical reality from quantum reality (Ollivier et al., 2004; Zurek, 2007). In
quantum wave function, decoherence resulting from interference from outside (e.g.,
observation) gives rise to existence of individual particles, the location of which is
statistical, i.e., many possible realities. Among all such possible realities, only those
that can interact with the environment and decohere (i.e., become real) can produce
information progeny.

Darwinian natural selection has been proposed as the mechanism by which the
current universe evolved from many possible universes that evolved from a series
of bouncing black holes that gave rise to daughter universes (Smolin, 1999, 2004,
2006). Smolin states that the physical processes that strongly influence the number
of black holes produced are nucleosynthesis, galaxy formation, star formation, stel-
lar dynamics, supernova explosions, and the formation and stability of neutron stars.
Through the process of such cosmic evolution, our universe may have developed
complexity enough to produce civilizations like ours.
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