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Summary The evolutionary function of noncoding ‘junk’ DNA remains one of the most challenging mysteries of
genetics. Here a new model of DNA is proposed to explain this function. The hypothesis asserts the DNA molecule
contains not one, but two separate modes of inheritance. In addition to exons that code for proteins and physical
traits, it is argued noncoding repetitive elements code for the inheritance of emotions and innate behaviour in
metazoans. That is to say, noncoding DNA functions as the medium of a second, hitherto unknown evolutionary process
that genetically archives adaptive information, configured as emotions and acquired during the life of an organism,
into an inheritable form. This second evolutionary process, here called ‘Teemosis’, is a selectionist process, but
paradoxically, because it does not affect physical traits, it has no maladaptive Lamarckian consequences. The medical
implications of the hypothesis are discussed.
c 2004 Published by Elsevier Ltd.



Introduction
In the late 1960s, it was discovered that eukaryotic
DNA contained sequences that do not code for proteins [1]. Because this noncoding DNA (ncDNA) appeared to have no significant evolutionary
function, it was considered an evolutionary anomaly and dismissed as ‘junk DNA’ [2] ‘selfish DNA’
[3] and ‘ignorant DNA’ [4]. However, in the last
decade, numerous studies have shown that ncDNA
is highly conserved in a wide range of metazoans,
from puffer fish to humans [5–7]. These findings
are at odds with theories of neutral evolution
[8,9] that predict that if ncDNA is non-functional,
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sequence similarity in ncDNA will be gradually
erased. Also at odds with the ‘junk’ paradigm is
the finding, (from 85 sequenced species) that ‘the
amount of noncoding DNA per genome is a more valid measure of the complexity of an organism than
the number of protein-coding genes’’ [10]. Indeed,
98.5% of the human genome is noncoding [11],
more than any other animal. Although these findings suggest ncDNA serves an evolutionary function, so far, no consensus has emerged as to what
that function may be.

The ‘divided DNA’ hypothesis
In the absence of a viable explanation of ncDNA’s
function, here it is proposed that ncDNA is the ge-
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netic medium of a second system of inheritance
residing within the DNA molecule. In addition to
the well known Mendelian system of inheritance,
which uses protein-coding exons to code for physical traits, it is argued that natural selection gradually evolved a second, related, but independent
system of genetic inheritance, specifically to moderate the inheritance of adaptive information acquired from the environment during the life of
the organism. While the ‘Mendelian Inheritance
System’ (MIS) exclusively moderates the inheritance of physical traits, it is suggested the second,
nonMendelian system (here called ‘Teemosis’)
exclusively moderates the inheritance of non-physical, environmentally acquired quantums of adaptive information configured as emotion, which is
the basis of all emotions, innate behaviour and
instincts. That is to say, while coding genes moderate physical evolution, ncDNA moderates emotional and behavioural evolution.
To understand the selective pressures that created this dual inheritance system, it is necessary
to re-examine the evolution of emotions and innate
behaviour – two subjects that have themselves
long been problematical for biology. Although the
co-discovery of natural selection (NS) by Charles
Darwin and Alfred Wallace explained the evolution
of physical forms, Darwin himself did not believe
NS adequately explained the formation of complex
new instincts. Like Lamarck, he believed an
‘instructionist’ evolutionary process must also exist, to facilitate what he called ‘‘acquired adaptation’’ – how adaptive environmental information
becomes innate and inheritable.
Although the selectionist theories of Lamarck
and Darwin (acquired characteristics and pangenesis, respectively), are now known to be incorrect,
no viable alternative theory has been put forward to
explain how complex environment-specific innate
behaviours and instincts are first encrypted into
DNA. To this day, no consensus exists on how instincts such as habitat construction, complex mating rituals and displays, landscape preference, the
ability to identify predators and prey without prior
knowledge, new sexual preferences, interspecies
interactions and other environment-specific behaviours are first encoded into an organism’s genes and
inherited. How was the migratory green turtle’s
genes first encoded with the specific location of
Ascension Island, 2240 km. from their breeding
grounds in Brazil? How were the genes of turkeys
first seeded with the shape and flight characteristics of predatory hawks so that all new born turkey
chicks, fresh from their shells will run for cover
when they see a hawk, but will not do so in response
to pigeons, gulls, ducks or herons [12].
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These examples of the environment ‘instructing’
the genome are problematical for Darwinian theory
because NS is not an instructionist process. It is a
selectionist process. The only way that NS can
function adaptively is if it prohibits the inheritance
of acquired physical traits in accordance with the
‘central dogma’. of biology. As formalised by Crick
[13] the central dogma asserts that genetic information does not flow from the environment to
the genome, but in the opposite direction only –
from DNA to RNA to proteins to phenotype. Apart
from the enzymic reverse transcriptase activity of
retroviruses [14], Mendelian inheritance of physical
traits prevents the hereditary transmission of environmentally acquired characters under normal conditions. This ensures environmentally induced
modifications in somatic cells do not affect (or ‘instruct’) germ cells, which prevents the inheritance
of deleterious phenotypes such as disease, injuries
and the effects of ageing [15–17].
Paradoxically however, while morphological
evolution must prevent the inheritance of acquired
traits that would deleteriously contaminate the
germ-line, behavioural evolution requires the
acquisition and inheritance of environmental information to create complex, environment-specific
adaptive behaviours and emotions. It was these
conflicting evolutionary imperatives, it is argued,
that generated selective pressure for a new, divided DNA molecule – a molecule containing two
separate modes of inheritance: protein-coding
exons to modulate the evolution of physical traits
in compliance with the central dogma; and various
non-protein-coding elements to modulate the
inheritance of emotional and behavioural traits.
Eventually, it is suggested, a new DNA emerged
as a result of these selective pressures. Called
‘eukaryotic DNA’, this nucleated molecule evolved
between 2.1 and 1.6 bya from progenitor prokaryotic DNA [18,19]. Unlike prokaryotic DNA, which
contains almost no introns, eukaryotic DNA contains copious introns and other noncoding elements
essential to the teemosis process. Because only
organisms built from eukaryotic DNA can acquire
teemosis, this predicts that only eukaryotic metazoans demonstrate complex innate behaviour and
emotions, a prediction supported by the well-documented behavioural distinction between prokaryotes (bacteria, etc.) and eukaryotic animals.
It is suggested ncDNA demonstrates three principal properties that make it suitable as a medium of
inheritance:
 Because ncDNA does not code for physical traits,
it circumvents the deleterious consequences of
Lamarckian inheritance.
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 ncDNA mutates in response to environmental
stress. These stress-induced directed mutations
provide the means by which the environment
instructs the genome.
 Stress-induced directed mutations are linguistically encrypted as alleles of ncDNA. That is to
say, ncDNA is a genetic language that ‘codes’
for emotional information, using a different set
of nucleotides and codons than the 64 exon
codons.

How teemic inheritance works
It is suggested the ‘Teemosis Inheritance System’
(TIS) is initiated in animals by a nonlethal ‘environmental stressor’, (typically, a predatory assault,
natural disaster, misadventure, mating encounter
or other stressful life event), which precipitates
an emotional trauma in an individual. Although
negative emotions are more common due to predation and misadventure, the emotional trauma may
involve either positive or negative emotions – the
main requisite being the intensity of the emotional
response. When transduced by the individual’s sensory organs and conveyed via neural networks to
the central nervous system (CNS) the emotional
trauma must be powerful enough to disrupt CNS
homeostasis and stimulate the hypothalamic–pituitary–adrenal axis.
Where the individual survives the physical consequences of the environmental stressor, (physical
injury, shock, etc.) the intense emotions precipitate an abnormal production of catecholamine
and corticosteroid stress hormones that can initiate mutational activity in noncoding nucleotides
of DNA. This mutational activity may include the
duplication, deletion, rearrangement and transposition of mono-, di-, tetra-, penta-, and hexanucleotide sequences (in addition to some trinucleotide
codons), into linguistic arrays that correspond to
(or code for) the stressor emotions. Teemic encryption continues until the salience of the stressor
emotions subsides and homeostasis is reestablished.
It is posited that each stressor event alters
ncDNA differently. For example, aesthetic emotions – delight, satisfaction, balance, proportion,
etc. generated by a Palaeolithic hominid gazing
at a distant vista may be encrypted as a specific
teemic sequence of noncoding nucleotides. A possum ravaged by a dingo however, will encode a
completely different nucleotide sequence, coding
for the emotions of apprehension, startle, dingo,
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teeth, terror, etc. By this means, each teemic
mutational encryption creates a unique genetic record of the powerful emotions that precipitated
the teemic mutation.
This trauma encoded mutational sequence is
here called a ‘teem’. Once encoded, the teem is
inherited by offspring, and when expressed in limbic system cells, may be retrieved and experienced
as an ‘emotional memory’ of a single specific event
or circumstance, albeit, with no associated semantic or declarative memory, and no physical consequences (injury, etc.) of the event. Only the
emotions of the stressor event are inherited. The
term, ‘teem’ is in fact, derived from ‘Trauma Encoded Emotional Memory’. To the extent that
teems convey experiential information (in the form
of emotions) from one generation to the next without recourse to learning or cultural protocols, teemosis is a functional instructionist process.
Significantly though, teems do not contain information about physical traits so have no deleterious
Lamarckian consequences.

Emotional perception
A crucial component of the teemosis evolutionary
process is what the author has termed ‘emotional
perception’ – the capacity of the CNS and sensory
receptors to translate (or more accurately, ‘transduce’) objects and situations in the organism’s perceptual field into emotional representations. That
is to say, teemosis requires sensory information
to be continually transduced, not into comprehendible images, discernable sounds, etc. but into
genome compatible emotional code. Only precepts
that can be transduced into emotional representations can be inherited via the teemosis process.
This generates selective pressure to transduce everything a teemic organism sees, hears, smells,
tastes, etc. into emotional code. When a squirrel
looks at a nut, as well ‘seeing’ the nut, it also
transduces the nut into an emotional representation. ‘Perception’, according to this model is actually the fusion of emotional and cerebral precepts.
Emotional perception allows the squirrel to distinguish a ripe nut from an inedible nut by the emotions they each transduce, just as humans use
emotions to differentiate faces, cars, paintings,
etc.
Emotional perception is a crucial component of
the teemosis process. It allows a turkey that survives a traumatic predatory attack by a hawk to encode a hawk teem that includes the emotions of
terror and the transduced emotional precept of
the hawk’s wing shape and flight characteristics.
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When inherited by progeny, the shape of a hawk’s
wing and its flight characteristics are transduced
by the new born turkey chick. This triggers the
ancestral hawk teem, recalling its emotions of terror, which inevitably initiates an escape response.
This hypothesis argues that all instincts and innate behaviour in animals (with the exception of
reflex actions, kineses and tropisms) are encoded,
genetically archived and inherited as quantums of
emotion. When a teem is triggered, it releases
emotions, some of which predispose the organism
to specific behaviours. For example, sexual emotions predispose an organism towards mating
behaviour, aggressive emotions predispose towards
agonistic behaviour, and maternal emotions predispose maternal behaviour.
Over time, each species acquires its own unique
‘library’ of teems that define its species-specific
emotional and behavioural repertoire. In humans,
the teemic library manifests as human nature.
The ‘teemic library hypothesis’ redefines ‘species’
as a population sharing the same teemic library.
The hypothesis additionally argues that speciation
and sexual selection occur when an individual encodes a new ‘sexual preference teem’.

Testing the hypothesis
The hypothesis; that emotions caused by traumatic
events can be genetically stored in ncDNA as a linguistic sequence of nucleotides generates a number of predictions and logical arguments that can
be used to test the hypothesis.
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responding to environmental stress and rapid
change, (as in the case of maize) and was simply
adopted by teemic species via NS.
If TEs were non-functional ‘junk’, they would
tend to accumulate randomly along the genome,
whereas each class of TE occupies a distinct area
within heterochromatin [21,22]. SINE elements,
for example, preferentially accumulate in R-banding regions whereas LINE elements occur preferentially in sex chromosomes and G-banding regions
[23].

ncDNA is modified by environmental stress
Protein-coding genes demonstrate resistance to all
but the most pernicious environmental stressors.
With the exception of ionising and ultraviolet
radiation and a number of powerful chemical mutagens, replication appears impervious to environment stress. In stark contrast, teem theory
predicts that noncoding TEs in teemic species mutate in response to environmentally induced stress
emotions.
Although seemingly counter-intuitive (given the
stability of coding genes), this prediction is supported by a wealth of sequencing data that reveals
stress-induced mutability is a fundamental characteristic of TEs (including SINEs, LINEs and Alu
elements) in eukaryotic animals [24–32]. Significantly, this stress-induced mutability is highly conserved in a number of phylogenetically disparate
metazoans, which has been interpreted by Schmid
[33] as indicating a little understood evolutionary
function related to the genome’s response to
stress.

Noncoding DNA is mobile within the genome
Teem theory predicts that unlike coding genes,
ncDNA must be genomically mobile – able to be
moved, duplicated, deleted and rearranged to
form new linguistic arrays – teems, similar to the
way that human language arranges letters and
words into sentences.
Is there any evidence that this happens? Despite
the view throughout much of the 20th century that
all DNA nucleotides function from a single stable,
immobile position on a chromosome, McClintock
discovered noncoding ‘jumping genes’ in the genomes of maize over 50 years ago [20]. Now called
‘transposable elements’, (TEs) these noncoding mobile elements demonstrate the ability to replicate
and relocate within genes and even chromosomes.
Teem theory does not assert that TEs are exclusive to teemosis. Rather it is more likely that TEs
first emerged in preteemic phyla as a means of

Teemic mutations of ncDNA are inheritable
to offspring
Teem theory argues that emotion directed mutations of ncDNA (teems) are inheritable to offspring
as emotions, which predicts that stress-induced
mutations of TEs must be heritable. This may occur
in two ways; either the teemic directed mutation
occurs directly in germline ncDNA, or it occurs in
somatic cells and is transferred to the germline in
vivo. While this molecular dynamic remains little
understood, some research on Drosophila indicates
that stress induced somatic induction in TEs in females has effects on subsequent generations,
transferred, it is presumed, through the cytoplasm
of the eggs [34]. This maternally inherited effect
has been reported in a number of Class II TEs;
including mariner elements [35] hobo transposons
[36–38] and Tam (1 and 2) elements, [39] which

516
has been interpreted as examples of non-Mendelian
inheritance [34]. In their review of the impact of
stress on TEs, Capy et al. [34] suggest ‘‘a relationship may exist between the somatic activity of an
element in a given generation and its germ-line
activity in the following generation’’.
Teem theory does not assert that traumatic
stress will always precipitate TE mutations either
in somatic or germline cells. Clearly, emotional response and stress are highly variable between individuals – events that cause traumatic stress and
mutations in ncDNA in one individual will not necessarily precipitate the same molecular response
in another individual. This is illustrated by several
studies with Drosophila that demonstrate mobilisation of TEs in some individuals following heat shock
[40,41], while other studies found no effect
[42,43].

ncDNA contains encrypted emotional
information
The hypothesis that ncDNA contains a second genetic code is clearly at variance with the notion
of ‘junk DNA’ and the prevailing view that only
one genetic language exists – that based on the
four-letter exon alphabet that codes for proteins
and amino acid assembly. However, the suggestion
that a second genetic language exists is not without
evidential support.
Although geneticists have been occupied since
the 1950s with decoding the exon language of the
MIS, by the 1980s, statistical analysis had began
to discern structural differences between coding
and noncoding sequences that were indicative of
a linguistic distinction [44–46]. The suggestion that
ncDNA may contain a hidden natural language was
first postulated by Mantegna et al. from computer
based statistical analysis of base pair sequences
[48]. Applying Zipf’s law [47], (normally used to
analysis human language by ranking word frequencies), Mantegna [48] argued that ‘‘noncoding regions are more similar to natural languages than
the coding regions. . . supporting the possibility that
noncoding regions of DNA may carry biological
information’’.
Although these conclusions have been challenged [49–51], a subsequent study, by Stanley
[52] reported a fractal correlation between widely
separated noncoding base pairs. Significantly,
these long-range correlations do not occur in coding sequences [53]. When combined with the finding that the noncoding sequences appear more
complex in more highly evolved species than in less
evolved ones [54] it supports the conjecture that
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ncDNA displays a little understood linguistic
function.

ncDNA scales with complexity
If ncDNA is a language that codes for emotions and
innate behaviour, it predicts that noncoding elements in the genomes of higher teemic species
such as primates, (that display highly variable emotions and innate behaviour) will be more numerous
and complex than in lower teemic species such as
insects. Sequencing evidence does indeed confirm
that ncDNA scales with complexity. While coding
genes demonstrate a remarkable homology between species and even taxa, their noncoding mobile element content is markedly variable. For
example, vertebrate introns are longer and more
complex than invertebrate introns [55,56], and
mammalian introns are the longest and most complex of all [57]. Similarly, the pufferfish genome
contains less than 3% mobile element repeats
[58], the fruit fly 3% [59], and the worm 10%
[60]. However, in the more developmentally complex mammals, such as the mouse and humans,
the mobile elements content is significantly higher,
in excess of 37% in the mouse [61] and over 45% of
the human genome, which includes Alu elements
that are unique to primates. Indeed, one of the
most unexpected findings of the Human Genome
Consortium was that the human diploid genome
was comprised of 98.5% ncDNA, the highest of
any species yet sequenced [62]. While, these findings have been considered problematical, they
are consistent with teem theory and the view,
based on observed emotional and behavioural complexity, that humans are the most ‘teemic’ of all
species.

Medical implications of teem theory
The new model of DNA appears to have implications for human medicine. While space precludes
a detailed discussion here, for that, see Vendramini, in press [63,64], two implications of teem
theory are discussed here.

How traumatic emotions can cause disease
Teem theory asserts that traumatic life experiences – the death of a spouse, accidents, war, love
and other highly emotional circumstances can precipitate a teemic mutation in human ncDNA. While
most teemic mutations occur in introns, where
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they do not interfere with protein manufacture, a
teemic mutation may occasionally be transposed
into or near a protein-coding exon that regulates
a fundamental cellular process such as cell growth,
apoptosis, or tumour suppression. If the teemic
mutation is not repaired by enzymes, it may disrupt
protein synthesis resulting in disease or death.
The hypothesis – that intense emotions can precipitate directed mutations in exons, resulting in
disease appears supported by studies that show
transpositions of noncoding microsatellites, Alu
elements, SINEs, LINEs and other noncoding elements into exons cause as many as 36 neurodegenerative diseases and account for a significant
fraction of human genetic disease [65–68]. While
these mutations are thought to be random, teem
theory argues they are non-random and are precipitated and directed by powerful emotions.
While the connections between emotions and
disease have long been acknowledged but little
understood, teem theory describes a feasible genetic mechanism by which powerful emotions can
contribute to disease. It throws light on problematical medical research that links cathartic life
events with cancer, such as the study by Kune
[69] of 715 cases of colorectal cancer. Kune found
that major illness or death of a family member,
major family problems and major work problems
were significantly more common during the five
years preceding diagnosis compared to controls
[69]. see also [70–72].

Emotional perception and psychopathology
The second implication of teem theory is extrapolated from the ‘emotional perception’ (EP)
hypothesis. Human EP modules distributed
throughout the CNS are subject to psychopathologies precipitated by extrinsic and intrinsic factors.
Because EP contributes to cerebral precepts, any
pathology in EP will distort or disrupt ‘normal perception’, resulting in affective-perceptual psychopathologies such as Anorexia nervosa, Capgras
Syndrome, Asperger Syndrome, Anxiety disorders,
Obsessive-compulsive disorder, Agoraphobia, Organic Delusional Syndrome, Dyslexia, Body Dysmorphic Disorder, etc. Finding new medical
interventions for these problematical conditions
will require a detailed understanding of the intricate emotional perception modules of the limbic
and amygdaloid complex vis-à-vis teemosis, and
an appreciation that ‘normal perception’ is comprised of two separate perceptual streams –
emotional and cerebral.

517

References
[1] Britten RJ, Kohne DE. Repeated sequences in DNA. Science
1968;161:529–40.
[2] Ohno S. So much junk DNA in our Genome. Brookhaven
Symposium; 1972.
[3] Orgel LE, Crick FHC. Selfish DNA: the ultimate parasite.
Nature 1980;284:604–7.
[4] Dover G. Ignorant DNA?. Nature 1980;285:618–20.
[5] Duret L, Dorkeld F, Gautier C. Strong conservation of noncoding sequences during vertebrates evolution: potential
involvement in post-transcriptional regulation of gene
expression. Nucleic Acids Res 1993;21(10):2315–22.
[6] Inna D, Brudno M, Loots GG, Pachter L, Mayor C, Rubin EM
et al. Active conservation of noncoding sequences
revealed by three-way species comparisons. Genome Res
2000;10(9):1304–6.
[7] Margulies EH, Blanchette M. NISC Comparative Sequencing
Program, D. Haussler, and E.D. Green. Identification and
characterization of multi-species conserved sequences.
Genome Res 2003;13(12):2507–2518.
[8] Kimura M. Evolutionary rate at the molecular level. Nature
1968;217:624–6.
[9] King JL, Jukes TH. Non-darwinian evolution: random fixation
of selectively neutral mutations. Science 1969;164:
788–98.
[10] Taft RJ, Mattick JS. Increasing biological complexity is
positively correlated with the relative genome-wide expansion of non-protein-coding DNA sequences. Genome Biology
2004;5(1):1.
[11] International human genome sequencing consortium. Initial
sequencing and analysis of the human genome Nature
2001;409(Feb):860–921.
[12] Tinbergen N. The study of instinct. Oxford University
Press; 1951/1989.
[13] Francis Crick. Central Dogma of Molecular Biology. Nature
1970;227(August):561–3.
[14] Temin HM. The protovirus hypothesis: speculations on the
significance of RNA-directed DNA synthesis for normal
development and for carcinogenesis. J Nat Can Inst
1971;46:III–VII.
[15] Smith JM. The Theory of evolution. 3rd ed. Harmondsworth: Penguin; 1975.
[16] Sober E. The nature of selection: evolutionary theory in
philosophical focus. The MIT Press; 1984. p. 101–7.
[17] Smith JM. Evolutionary genetics. 2nd ed. Oxford University
Press; 1998. p. 8–12.
[18] Knoll AH. The early evolution of eukaryotes: a geological
perspective. Science 1992;256:622–7.
[19] Summons RE, Walter MR. Molecular fossils and microfossils
of prokaryotes and protists from Proterozoic sediments.
Am J Sci 1990;290:212–44.
[20] McClintock B. Carnegie I Wash Yearbook 1948;47:155–69.
[21] Pimpinelli S, Berloco M, Fanti L, Dimitri P, Bonaccorsi S,
Marchetti E et al. Transposable elements are stable structural components of Drosophila melanogaster heterochromatin. Proc Natl Acad Sci USA 1995;92:3804–8.
[22] Deepak G, Majumder PP, Rao CB, Brahmachari SK, Mukerji
M. Nonrandom distribution of alu elements in genes of
various functional categories: insight from analysis of
human chromosomes 21 and 22. Mol Biol Evol 2003;20(9):
1420–4.
[23] Wichman Holly A, Van Den Bussche Ronald A, Hamilton
Meredith J, Baker Robert J. Transposable elements and the
evolution of genome organization in mammals. Genetica
1992;86:287–93.

518
[24] Wessler SR. Plant retrotransposons: turned on by stress.
Current Biol 1996;6:959–61.
[25] Hughes DC. MIRs as agents of mammalian gene evolution.
Trends Genet 2000;16:60–2.
[26] Kim C, Rubin CM, Schmid CW. Genome-wide remodeling
modulates the Alu heat shock response. Gene 2001;276:
127–33.
[27] Li T-Z, Schmid CW. Differential stress induction of individual Alu loci: implications for transcription and retrotransposition. Gene 2001;276:135–41.
[28] Hagen Christy R, Sheffield Rebecca F, Rudin Charles M.
Human Alu element retrotransposition induced by genotoxic stress. Nat Genet 2003;35(3):219–20.
[29] Jang KL, Latchman DS. The herpes simplex virus immediate-early protein ICP27 stimulates the transcription of
cellular Alu repeated sequences by increasing the activity of transcription factor TFIIIC. Biochem J 1992;284:
667–73.
[30] Jang KL, Collins MKL, Latchman DS. The human immunodeficiency virus Tat protein increases the transcription of
human Alu repeated sequences by increasing the activity of
the cellular transcription factor TFIIIC. J Acquir Immune
Defic Syndr 1992;5:1142–7.
[31] Panning B, Smiley JR. Activation of RNA polymerase III
transcription of human Alu repetitive elements by adenovirus type: 5 requirement for the E1b 58-kilodalton protein
and the products of E4 open reading frames 3 and 6. Mol
Cell Biol 1993;13(6):3231–44.
[32] Liu WM, Chu WM, Choudary PV, Schmid CW. Cell stress and
translational inhibitors transiently increase the abundance
of mammalian SINE transcripts. Nucleic Acids Res 1995;23:
1758–65.
[33] Schmid CW. Does SINE evolution preclude Alu function?
Nucleic Acids Res 1998;20:4541–50.
[34] Capy P, Gasperi G, Biemont C, Bazin C. Stress and
transposable elements: co-evolution or useful parasites?
Heredity 2000;85(2):101–6.
[35] Bryan GJ, Hartl DL. Maternally inherited transposons
excision in Drosophila simulans. Science 1988;240:215–7.
[36] Bucheton A. Non-Mendelian female sterility in Drosophila
melanogaster: influence of aging and thermic treatments.
III. Cumulative effects induced by these factors. Genetics
1979;93:131–42.
[37] Ho YT, Weber SM, Lim JK. Interacting hobo transposons in
an inbred strain and interaction regulation in hybrids of D.
melanogaster. Genetics 1993;134:895–908.
[38] Kidwell MG. Hybrid dysgenesis in Drosophila melanogaster:
the genetics of cytotype determination in a neutral strain.
Genetics 1981;98:275–90.
[39] Coen ES, Robbins TP, Almeida J. Consequences and
mechanisms of transposition in Antirrhinum majus. In:
Berg DE, Howe MM, editors. Mobile DNA. Washington
DC: American Society for Microbiology; 1989. p. 413–36.
[40] Ratner VA, Zabanov SA, Kolesnikova OV, Vasilyeva LA.
Induction of the mobile genetic element Dm-412 transpositions in the Drosophila genome by heat shock treatment.
Proc Natl Acad Sci USA 1992;89:5650–4.
[41] Vasilyeva LA, Bubenshchikova EV, Ratner VA. Heavy heat
shock induced retrotransposon transposition in Drosophila.
Genet Res:111–9.
[42] Arnault C, Dufournel I. Genome and stresses: reactions
against aggressions, behavior of transposable elements.
Genetica 1994;93:149–60.
[43] Arnault C, Loevenbruck C, Biemont C. Transposable element mobilization is not induced by heat shocks in
Drosophila melanogaster. Naturwissenschaften 1997;84:
410–4.

Vendramini
[44] Shulman MJ, Steinberg CM, Westmoreland N. The coding
function of nucleotide sequences can be discerned by
statistical analysis. J Theor Biol 1981;88:409–20.
[45] Fichant G, Gautier C. Statistical method for predicting
protein coding regions in nucleic acid sequences. Comput
Appl Biosci 1987;3:287–95.
[46] Michel CJ. New statistical approach to discriminate
between protein coding and non-coding regions in DNA
sequences and its evaluation. J Theor Biol 1986;120:
223–36.
[47] Zipf GK. Human behavior and the principle of least
effort. Cambridge, MA: Addison-Wesley Press; 1949.
[48] Mantegna RN, Buldyrev SV, Goldberger AL, Havlin S, Peng
C-K, Simons M et al. Linguistic features of noncoding DNA
sequences. Phys Rev Lett 1994;73:3169–72.
[49] Chatzidimitriou-Dreismann CA, Streffer RM, Larhammar D.
Lack of biological significance in the ‘linguistic features’ of
noncoding DNA a quantitative analysis. Nucleic Acids Res
1996;14:1676–81.
[50] Konopka AK, Martindale C. Noncoding DNA, Zipf’s law, and
language [letter]. Science 1995;268(5215):789.
[51] Tsonis AA, Elsner JB, Tsonis PA. Is DNA a language?. J Theo
Biol 1997;184:25–9.
[52] Stanley HE, Buldyreva SV, Goldbergerb AL, Havlinc DS,
Peng C-K, Simons M. Scaling features of noncoding DNA.
Physica A 1999;273:1–18.
[53] Buldyrev SV, Goldberger AL, Havlin S, Mantegna RN, Matsa
CK, Peng CK et al. Long-range correlation properties of
coding and noncoding DNA sequences: GenBank analysis.
Phys Rev E 1995;51(May):5084–91.
[54] Buldyrev SV, Goldberger AL, Havlin S, Peng C-K, Stanley HE,
Stanley MHR et al. Fractal landscapes and molecular
evolution: modeling the myosin heavy chain gene family.
Biophys J 1993;65:2673–9.
[55] Deutsch M, Long M. Intron–exon structures of eukaryotic model organisms. Nucleic Acids Res 1999;27:
3219–28.
[56] Sakharkar M, Passetti F, de Souza JE, Long M, de Souza SJ.
ExInt: an Exon Intron Database. Nucleic Acids Res 2002;
30(1):191–4.
[57] International human genome sequencing consortium. Initial
sequencing and analysis of the human genome. Nature
2001;409(Feb):860–921.
[58] Aparicio S, et al. Whole-genome shotgun assembly and
analysis of the genome of Fugu rubripes. Science
2002;297:1301–10.
[59] Myers EW, Sutton GG, Delcher AL, Dew IM, Fasulo DP,
Flanigan MJ et al. A whole-genome assembly of Drosophila. Science 2000;287:2196–204.
[60] The C. Elegans Sequencing Consortium. Genome sequence
of the nematode C. elegans: a platform for investigating
biology. The C. elegans sequencing consortium. Science
1998;282:2012–2018.
[61] Mouse Genome Sequencing Consortium. Initial sequencing
and comparative analysis of the mouse genome. Nature
2002;420:520–562.
[62] International Human Genome Sequencing Consortium. Initial sequencing and analysis of the human genome. Nature,
2001;409(Feb):860–921.
[63] Vendramini Danny. The second evolution: the unified teem
theory of evolution, emotions and behaviour. Australia:
Allen and Unwin.
[64] Vendramini Danny. Emotional nature: essays on the second
evolution. Australia: Allen and Unwin.
[65] Mazzarella R, Schlessinger D. Duplication and distribution
of repetitive elements and non-unique regions in the
human genome. Gene 1997;205(1–2):29–38.

Noncoding DNA and the teem theory
[66] Charlesworth B, Sniegowski P, Stephan W. The evolutionary
dynamics of repetitive DNA in eukaryotes. Nature
1994;371(6494):215–20.
[67] Epplen C, Santos EJ, Maueler W, van Helden P, Epplen JT.
On simple repetitive DNA sequences and complex diseases.
Electrophoresis 1997;18(9):1577–85.
[68] Prescott L Deininger, Batzer Mark A. Alu repeats and human
disease. Mol Genet Metab 1999;67(3):183–93.
[69] Kune S, Kune GA, Watson LF, Rahe RH. Recent life
change and large bowel cancer. Data from the mel-

519
bourne colorectal cancer study. J Clin Epidemiol
1991;44:57–68.
[70] Courtney JG, Longnecker MP, Theorell T, de Verdier G.
Stressful life events and the risk of colorectal cancer.
Epidemiology 1993;4:407–14.
[71] Spiegelman D, Wegman DH. Occupation-related risks for
colorectal cancer. J Natl Cancer Inst 1985;75:813–21.
[72] Courtney JG, Longnecker MP, Peters RK. Psychosocial
aspects of work and risk of colon cancer. Epidemiology
1996;7:175–81.

