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Supplemental Section 4. Tumor suppression is a fundamental element of speciation 

in vertebrate species 

4.1 The entropy of DNA mutation drives speciation 

Speciation is the process by which the resources of a closed system, such as the Earth,i 

are assimilated into DNA. Species have been selected as the basic units of evolution 

because they are efficient mechanisms for the assimilation of environmental resources into 

DNA. Initiation of the process of speciation required the input of energy; thereafter, the 

entropy inherent in the mutability of DNA provided the driving force for the forward 

movement of species through spacetime, with environmental resources capable of being 

assimilated into DNA (and DNA accessory molecules) acting as attractors for such forward 

movement. The mutability of the code it carries thus enables DNA to respond to its 

environment, because the mutations that turn out to be “adaptive” are those that enable 

DNA to assimilate attractors into more of itself, expanding its range; this entire process 

being driven forward by the increase in entropy that occurs whenever a segment of DNA 

undergoes mutation. Because DNA is a code-carrying molecule, speciation can be 

alternatively described as the process by which the resources of a closed system, such as 

the Earth, are assimilated into information. Neoplastic transformation directly opposes 

successful speciation in vertebrate animals. Vertebrate speciation is thus characterized by 

species-specific mechanisms of tumor suppression that are required to advance body size 

and lifespan beyond those of basal vertebrates. Thus, unique mechanisms of tumor 

suppression distinguish vertebrate species, and in-so-far as malignant neoplastic 

transformation is concerned, the existence of such species-specific mechanisms of tumor 

suppression prevent one vertebrate species from serving as a valid model system for 

another. This largely unrecognized element of vertebrate speciation undermines decades 

of cancer research data, using murine species, that presumed universal mechanisms of 

tumor suppression, independent of species. 
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4.2 Closed circulatory systems ushered in the dawn of neoplastic transformation as a 

major counterforce opposing assimilation of environmental resources into DNA  

Early forms of life were not endowed with the means to perform significant work. That is, 

they were sessile or nearly so, depending primarily upon environmental forces such as 

currents of water or air for significant displacement of their mass over a distance. Their 

range of habitat exploitation was consequently limited to their local environment, or to 

areas made accessible by water or air currents. With the evolution of chloroplasts, plant life 

expanded its realm dramatically, particularly in terrestrial environments where absorption of 

sunlight was unimpeded by the water column. This flourishing growth of terrestrial flora 

created an attractor of unrivalled dimensions, but one that remained unavailable to aquatic 

species. While certain species of invertebrates evolved significant mass and were capable 

of displacing such mass over a significant distance in aqueous environments (e.g., 

Anomalocaris, Mesonychoteuthis), it was the evolution of closed circulatory systems in 

vertebrate animals that enabled the exploitation of terrestrial flora. Thus, by dramatically 

increasing the ability of vertebrate animals to perform work, closed circulatory systems 

enabled some originally obligatorily water-borne species to access the attractor of 

terrestrial plant life. With subsequent refinement of such closed circulatory systems, 

particularly with respect to the evolution of hearts with increasing pumping efficiency, 

vertebrates that adapted to the land expanded their ability to conduct locomotion over 

significant terrestrial distances, making virtually all terrestrial plant resources available for 

assimilation into DNA. Closed circulatory systems also enabled vertebrate animals to resist 

the force of gravity and extend their spectrum of possible body sizes across an incredible 

range. Without closed circulatory systems capable of highly oxygenating tissues, the 

evolution of bones, muscle, body mass and stature observed in vertebrate animals would 

not have been possible, leaving enormous concentrations of resources in the terrestrial 

environment unavailable for assimilation.  
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         The improvements in capacity to perform work and the potential to increase body size 

that were brought about by closed circulatory systems clearly increased the extent to 

which, and the rate at which, environmental resources could be assimilated into DNA. 

However, they also brought into prominence a counterforce to resource assimilation— 

neoplastic transformation— that had previously not had much impact on such resource 

assimilation. First, the dramatic increase in body size enabled by closed circulatory 

systems increased the risk of neoplastic transformation in large vertebrate animals due to 

an equivalently dramatic increase in the number of stem cells at risk for such neoplastic 

transformation. All things being equal, an organism with 10,000 times the mass of another 

would be expected to have 10,000 times the risk of neoplastic transformation. However, 

risk of neoplastic transformation does not scale with body size (Peto’s paradox), which can 

now be explained by the fact that species-specific mechanisms of tumor suppression are a 

necessary prerequisite for any significant increase in vertebrate body size above that of 

basal vertebrates (see below). Without first evolving such species-specific mechanisms of 

tumor suppression, animals such as humans, elephants and whales could not attain size 

and lifespan so dramatically in excess of that of basal vertebrates. 

        Second, the evolution of closed circulatory systems enabled neoplastic growths, for 

the first time, to achieve widespread dispersion throughout the soma of an organism, 

reducing fitness by negatively impacting the function of tissues and organs which they have 

invaded. In  animals with open circulatory systems, such as arthropods, in which blood is 

pumped into spaces bathing tissues and organs rather than into the tissues and organs 

themselves, a direct conduit into tissues and organs is absent. Only in animals with closed 

circulatory systems does the vasculature provide a pressurized conduit to virtually every 

compartment of the soma. In fact, the evolution of such closed circulatory systems has built 

into its physiology a mechanism by which hypoxic tissues in need of further oxygenation 

can express signals that attract the incursion of new vascular growth— so called 
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angiogenesis (Folkman, 2006). Spontaneous explants from primary neoplastic growths that 

enter such a closed circulation thus have access to all compartments of the soma, a 

process known as metastasis. It is well known that in our own species it is not the primary 

neoplasm that diminishes fitness and kills the organism, but rather organ failure caused by 

invasion and metastases (Fidler and Kripke, 2015). Cancer is in fact defined as the ability 

of a neoplastic growth to invade and metastasize; neoplasms with this capacity are termed 

malignant, while neoplasms without this capacity are termed benign for their general failure 

to significantly reduce fitness of the organism. Furthermore, whereas tissues and organs 

develop as a result of the organized expression of genetic and epigenetic programs that 

specify appropriate blood supply, neither primary nor metastatic tumors, which operate with 

disregard for such programs, have natural blood supplies. Rather, as they grow in the 

absence of proper oxygenation, they become hypoxic and activate angiogenesis, drawing 

away from the soma the resources required to maintain the fitness of the organism. The 

ability of neoplastic growths to metastasize to distant sites and thereby destroy fitness of 

the organism is thus a direct result of the evolution of closed circulatory systems. 

Furthermore, the dysplastic nature of their growth, in the absence of the genomic and 

epigenomic programming that produces organized tissues and organs, means that in the 

same manner that speciation is the conversion of environmental resources into information, 

cancer is the conversion of environmental resources into disinformation— disinformation 

that destroys the fitness of the soma and thereby acts as a counterforce to successful 

speciation.  

4.3 The min-max equation of speciation in vertebrate animals 

The process of speciation in vertebrate animals appears to be optimized when a certain 

background level of somatic cell genome instability, i.e., malignant neoplastic 

transformation, is permitted to occur. Thus, in a sort of min-max equation designed to 

create species capable of assimilating resources into DNA at the maximum possible rate, 
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lifetime risk of neoplastic transformation is maintained at a low, but generally non-zero 

level. That is, a certain minimized but nonzero amount of neoplastic transformation occurs 

when the rate of assimilation of resources into DNA is maximized. As noted in the main 

article, a recent large, multi-center effort studying cancer risk across a wide array of 

placental mammals put the background level of neoplastic transformation at about 4% 

(Abegglen et al., 2015). Part of this background level of somatic genome instability may be 

a consequence of using metastable DNA as the genetic material, and part may be due to 

the evolution of DNA methylation as a means to selectively silence the transcription of 

specific genes during the development of complex vertebrate bodies (Baylin and Jones, 

2016), and also to control the activity of transposable elements in chromosomes (Ohtani et 

al., 2018). The 5-methylcytosines (5mC) resulting from such enzymatic methylation 

reactions are well-known to be hypermutable (Ehrlich et al., 1986; Poulos et al., 2017), and 

when such mutations occur in methylated CpG dinucleotides they create  5mC to T and G 

to  A transition mutations, two of the most common mutations observed in animals, 

including humans (Poulos, ibid.). Since successful vertebrate species appear to be 

characterized by a low but non-zero level of neoplastic transformation in their soma, it is 

possible that this represents an irreducible value inherent in the metastability of DNA and 

the hypermutability of 5mC. However, some vertebrates appear to have lifetime risks of 

cancer that approach zero in their natural, species-specific habitat (Azpurua and Selanov, 

2012; Delaney et al., 2013), despite the fact that they use the same metastable DNA and 

hypermutable 5mC as other vertebrate species. It would thus appear that the maintenance 

of pristine somatic genomes is possible and could be accomplished if that was the ultimate 

goal of speciation. However, it is apparently not the ultimate goal; rather, maximizing the 

assimilation of environmental resources into DNA appears to be the ultimate goal of 

speciation, and assimilation of environmental resources into DNA appears to be maximized 

when a certain minimum, but non-zero level of neoplastic transformation is permitted to 
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occur in the soma of vertebrate animals. We speculate that if an equation describing a 

vertebrate species could be written, and the variable of lifetime risk of malignant neoplastic 

transformation could be manipulated, then either increasing or decreasing this variable 

would compromise the rate of assimilation of environmental resources into DNA.  

4.4 Species-specific mechanisms of tumor suppression are fundamental elements of 

vertebrate speciation  

In the main article we discussed several recently identified species-specific mechanisms of 

tumor suppression, such as the accumulation of p53 retropseudogenes in the elephant 

genome that retain tumor suppressive activity (Abegglen et al., 2015; Sulak et al., 2016); the 

accumulation of PTEN retropseudogenes in the naked mole rat genome (Tang et al., 2016); 

and an adrenal androgen-mediated “kill switch” tumor suppressor system specific to 

anthropoid primates, particularly humans (Nyce, 2017). Each of these species-specific 

mechanisms of tumor suppression appears to dictate major aspects of body plan, such as 

body size and/or duration of lifespan. Like the rudder of a ship, species-specific mechanisms 

of tumor suppression enable the unique trajectory through spacetime that each vertebrate 

species can take. Thus, to increase body size above that of basal vertebrates, species-

specific mechanisms that augment p53 must evolve to suppress malignant transformation in 

the increased number of stem cells that exist in a larger body plan— i.e., no matter the body 

size, in order for the rate of resource assimilation into DNA to be optimized, the lifetime risk 

of neoplastic transformation must be maintained at approximately 4%. This is a critical new 

insight for the process of speciation in vertebrate animals, that is, that species-specific 

mechanisms of tumor suppression are required for the evolution of other species-specific 

“improvements” (e.g., larger body mass, increased lifespan) that enable optimized 

exploitation of a particular environmental niche. Species-specific mechanisms of tumor 

suppression thus constitute fundamental drivers of speciation in vertebrate animals, a fact 

which has here-to-fore not been fully appreciated. As discussed in the main article, the nearly 
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40% lifetime risk of cancer in our species may be an artifact of a species-specific tumor 

suppressor system that evolved to protect during the primitive human lifespan of about 

twenty-five years, and which has had insufficient time to evolve in response to the more than 

tripling of the human lifespan that has occurred in the past one hundred years. 

4.5 Speciation is a process occurring in spacetime  

Speciation strategies are executed in spacetime; that is, species are collections of 

animals dispersed not only over space, but also over time, such that the representation of 

a species on a spacetime curve would show a roughly spherical mass extended not only 

into the past, but also into the future. The time dimension of such spherical masses can 

be thought of as species-specific quanta which incorporate the timescale used by 

different species in their strategies to maximize assimilation of environmental resources 

into DNA, while simultaneously minimizing opposing forces such as malignant neoplastic 

transformation. For long-lived species such as humans, elephants and whales, such 

quanta appear to be equivalent to the lifespan of the animal. But for smaller, short-lived 

animals, their quanta appear to encompass a span of multiple generations. For example, 

mice and elephants execute very different strategies of resource assimilation and 

mitigation of neoplastic transformation, but over the long term, for example the lifetime of 

an elephant (which encompasses many generations of mice), one female animal of each 

species can initiate the production of roughly equivalent amounts of DNA assimilated 

from environmental resources (after accounting for significant predation of the mouse 

population, mice representing an environmental resource for many other species). The 

flexibility of the quantum of time over which speciation may operate appears to bear 

particularly upon the execution of strategies to mitigate malignant transformation in 

vertebrate animals. Thus, small body size and short lifespan are frequently employed 

evolutionary strategies of basal vertebrates. This strategy has been so successful that it 

continues in extant species. For example, small body size in mice enables both their 



8 
 

commensal existence with humans and limits the number of stem cells at risk for 

neoplastic transformation. Utilizing the time dimension of their spacetime environment to 

further minimize cancer risk, the short lifespan of mice resets accumulated mutations in 

somatic cells to near zero at frequent intervals in successive generations, spreading risk 

of neoplastic transformation across time. Small body size coupled with short lifespan can 

thus be considered an extremely effective means of tumor suppression, requiring only the 

canonical repertoire of p53 to maintain a low cancer risk and achieve an optimized rate of 

resource assimilation into DNA. A recent study of inbred mice (which likely have a 

substantially higher incidence of spontaneous cancer than outbred mice in the wild) 

demonstrated that the incidence of tumors was approximately 11 per 5,000 animals per 

year, representing a lifetime risk of 0.22-0.44% (Marx et al., 2013). These data support 

the concept that if small, short-lived animals such as mice hold true to the 4% cancer risk 

as observed in other vertebrate species (Abegglen et al., 2015), then this risk in small, 

short-lived animals is not based upon the body mass of a single individual, but rather on 

the body mass represented by a collection of individuals; that is, a “collective body mass” 

spread across generations, across time.   

4.6 Evolution of body size and lifespan beyond that of basal vertebrates 

Expansion of body size and lifespan beyond that of basal vertebrates in order to expand 

the range of assimilable resources may have been an early driver of species-specific 

mechanisms of tumor suppression. For example, the environmental resources that acted 

as attractors for elephant evolution, and for whale evolution, were best exploited by 

creatures with large body mass, which only becomes efficient with increased lifespan. To 

enable such increase in body mass and lifespan, elephants evolved expansion of their 

p53 compartment from the two alleles present in all animal species, adding nineteen p53 

retropseudogenes that retain tumor suppressor activity (Abegglen et al., ibid.; Sulak et al., 

ibid.). Thus, the canonical p53 repertoire so well studied utilizing the p53 knockout mouse 
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is sufficient for mice with their small body size and short lifespan, but had to be 

augmented by the species-specific addition of p53 retropseudogenes in elephants which 

evolved large body mass and long lifespan to maximally exploit their environmental niche. 

Similarly, anthropoid primates, particularly humans, also found it necessary to augment 

the canonical p53 repertoire with a lineage-specific tumor suppressor system, at least 

during their adult phase. As noted in the main article, body height has been conclusively 

demonstrated to be directly related to cancer risk in humans (Green et al., 2011; Kabat et 

al., 2013; Ong et al., 2018). If this finding extrapolates across the entire range of human 

body sizes, the small bodies of human children, in combination with the canonical p53 

repertoire, may be sufficient to maintain neoplastic transformation at the required low 

level at this stage of human development. However, with the transition to the much larger 

body size of adult humans, activation at adrenarche of the adrenal androgen-mediated kill 

switch tumor suppression system is required (see main article). This human-specific kill 

switch tumor suppression system may have permitted primitive adult humans to retain the 

low cancer risk of their juvenile phase after transitioning to the increased stature of their 

adult phase. It still operates in modern humans, but only for that period of time 

corresponding to the primitive human lifespan of twenty-five years (main article).   

 The critical point to be made here is that, while the canonical repertoire of p53 may 

be sufficient to maintain risk of neoplastic transformation to the required low level in 

small, short-lived animals (and in the juvenile phase of larger species), it is insufficient for 

this task in larger, longer-lived adult vertebrate animals. Such larger, longer-lived animals 

had to evolve additional species-specific mechanisms of tumor suppression that enabled 

their increased body mass and longevity. In direct opposition to the predominant cancer 

paradigm, then, species-specific mechanisms of tumor suppression disqualify animals 

such as mice from acting as models for use in the study of human cancer. The 

evolutionary trajectories of these species have been driven by completely different 
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species-specific tumor suppression mechanisms (Figure 1). The virtually exclusive use of 

murine model systems may thus account for the disappointing 7% increase in two-year 

survival that has been achieved over the past 27 years (U.S. National Cancer Institute 

SEER Statistics, May 2018; Figure 5 in main article).  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. In  vertebrate animals, species-specific 
mechanisms of tumor suppression enable 
species-specific adaptations such as body size 
and lifespan that, in turn, enable maximized 
exploitation of  a species’ specific niche. Thus, 
unique mechanisms of tumor suppression 
distinguish vertebrate species. In-so-far as 
neoplastic transformation is concerned, species-
specific mechanisms of tumor suppression 
prevent one vertebrate species from serving as a 
valid model system for another. This largely 
unrecognized element of speciation undermines 
decades of cancer research data, using murine 
species, that presumed universal mechanisms of 
tumor suppression, independent of species…  
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4.7 A contemporary description of species and the process of speciation must 

include the contribution of species-specific mechanisms of tumor suppression  

The absence of adequate descriptions of species and the process of speciation was 

clearly permissive for the establishment and longevity of the p53 tumor suppressor 

paradigm, and the animal models that this paradigm continues to support to the present 

day. Without the recent insight gained from comparative studies, particularly that all 

vertebrate animal species evolve species-specific tumor suppression strategies that 

enable each species to traverse a unique vector through spacetime, adequate 

descriptions may have here-to-fore been impossible. Any contemporary description of 

species and the process of speciation must be inclusive, i.e., it must be applicable to all 

known organisms, including prokaryotes, single-cell eukaryotes, and multi-cellular 

eukaryotes including those that reproduce by means other than sex (e.g., bdelloid 

rotifers), while at the same time incorporating species-specific mechanisms of tumor 

suppression that enable the evolution of large, long-lived vertebrate species.  

 Using insights gained from species-specific mechanisms of tumor suppression 

cited above, we here present a contemporary, inclusive description of species and the 

process of speciation.   

 
1. Speciation is the process by which the resources of a closed system, such as 

the earth, are assimilated into DNA.  
 

2. Species have been selected as the basic units of evolution because they 
represent efficient mechanisms to effect such assimilation of environmental 
resources into DNA.  
 

3. The initiation of the process of speciation required the input of energy; the 
forward movement of species through spacetime was thereafter driven by the 
entropy inherent in the mutability of DNA, with assimilable resources within the 
closed system acting as attractors for such movement.  

 
4. All enabling elements of a species’ forward movement through spacetime 

represent variables that are under combined selection to maximize exploitation 
of environmental resources and to simultaneously minimize opposing forces, 
such as neoplastic transformation.  
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5. The evolution of closed circulatory systems enabled increased capacity for 

work (locomotion) and increased body size, factors capable of significantly 
increasing the ability to assimilate attractors into DNA. However, closed 
circulatory systems also promoted neoplastic transformation to a process 
capable of reducing fitness in vertebrate animals by enabling metastatic 
spread. To counteract malignant neoplastic transformation as an opposing 
force to successful speciation, species-specific mechanisms of tumor 
suppression became necessary pre-requisites to increase vertebrate body size 
and lifespan beyond that of basal vertebrates. 

 
6. Close examination of extant species reveals that species-specific mechanisms 

of tumor suppression are fundamentally involved in enabling the specific 
spacetime trajectories undertaken by individual vertebrate animal species. 

 
7. Based on data from extant mammalian species, maximum rate of assimilation 

of environmental resources into DNA by such species is achieved when 
lifetime risk of neoplastic transformation is maintained within limits 
approximating 4%.   

 
8. The unit of movement through spacetime is the species, in toto. This enables a 

species to utilize all dimensions of its spacetime environment, including time, to 
exploit environmental resources and simultaneously mitigate neoplastic 
transformation.  In small, short-lived species such as mice, short lifespan 
resets accrued mutations to near zero at very short intervals in successive 
generations, spreading risk of neoplastic transformation across time.   

 
9. The original shape of a species as it moves along its trajectory through 

spacetime is roughly spherical, with a genetic center of mass; however, its 
shape can become amorphous as it comes into contact with new attractors, 
and regions of its shape (neomorphs) are driven toward such attractors by the 
entropy of DNA mutation. If a solution is found enabling assimilation of the new 
attractor, the budding off of a new species returns the progenitor species to a 
roughly spherical shape until contact with the next new attractor occurs.   
 

10. A species is thus defined as a collection of similar genomes moving along the 
same spacetime trajectory toward the same attractor.ii 
 

11. Biodiversity is the natural result of such entropy-driven movement through 
spacetime toward such attractors.   

 
12. DNA is an informational molecule. Therefore, speciation is the process by 

which the resources of a closed system, such as the earth, are assimilated into 
information. The fact that the entropy inherent in DNA mutation constitutes the 
driving force of speciation might therefore be alternatively described, such that 
the ever-increasing dispersion of information represents the driving force of 
speciation.  

 
13.  Neoplastic transformation can also be understood in these terms, as 

disinformation that obstructs the process of speciation, hence requiring its 
maintenance within controlled limits. Neoplastic transformation is also driven by 
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the entropy inherent in DNA mutation, and can also be alternatively described, 
such that the ever-increasing dispersion of disinformation represents the 
driving force of tumor progression. 
 

 
4.8 Conclusion 

The field of biology has lacked a contemporary description of species and the process 

of speciation that included species-specific mechanisms of tumor suppression as a 

fundamental element in the evolution of vertebrate animals. This absence may have 

occurred largely because recognition of such species-specific mechanisms of tumor 

suppression has occurred only recently. The absence of such an inclusive description 

of species and speciation was clearly permissive for the establishment and longevity of 

the predominant paradigm in cancer research, i.e., that the p53 tumor suppressor 

functions in a more or less universal manner, independent of species. The existence of 

species-specific mechanisms of tumor suppression negate the validity of this 

predominant paradigm, and suggest that dependence upon this paradigm may explain 

the disappointing results in cancer survival obtained over the past three decades (main 

article, Figure 5). The contemporary description of species and the process of 

speciation provided herein is offered as a potential foundation upon which new 

paradigms for cancer research can be constructed. If we do not abandon the current 

paradigm and redirect our efforts, we will continue to generate species-specific cancer 

data for species other than our own.   
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i In the thermodynamic meaning of the phrase, in a closed system energy can cross the boundary of the system, 
but matter cannot be added to or removed from the system. Earth today thus remains an essentially closed 
system, even though small amounts of matter have been removed from the system (e.g., the Voyager 
spacecrafts).   
ii Always toward the attractor, never actually reaching it, because the attractor is evolving as well. 
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