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“The greatest masterpiece in literature is only a dictionary out of order” 
Jean Cocteau 

 
Abstract  
I argue that cancer shares its roots with incipient eukaryogenesis. The eukaryote genome most 
likely originated within Archaea as a multiple of prokaryote genomes, acquired by massive 
horizontal gene transfer. Transferred genomes, many of them parasites, were attenuated by 
having their cell cycle ‘drivers’ cleaved and disassembled, then recombined into a new three-
dimensional genome architecture and function, serving the emerging host as immune 
protection, and as the source (‘toolkit’) of most genetic innovation in eukaryote evolution.  
 
Carcinogenesis in turn is initiated when, from among the many somatic mutations that 
accumulate with mitoses and cell line age, a first mutation restores the ‘driver’ of a constituent 
prokaryote endosymbiont. Cancer henceforth progresses akin to asexual evolution, generating 
more mutations, including additional drivers, accelerating cell proliferation and decay, and 
eventually overwhelming its host as a chaotically driven endoparasite. 
 
Keywords: eukaryogenesis; prokaryotes; horizontal gene transfer (HGT); superinfection 
exclusion; carcinogenesis; mutations; prokaryote endofossil theory (PET) 
 
1. “What if common mutations are not the key to cancer?”  
 
Heng (1), in his book “Debating Cancer” (to which I shall refer throughout this essay as the most 
recent compendium), deplores the “unexpectedly poor progress in the war on cancer”, despite 
the promises held by the widely accepted ‘Somatic Mutation Theory (SMT)’. Instead, “after tens 
of thousands of samples have been sequenced, what has been found is not common cancer gene 
mutation patterns, but rather an overwhelming level of genetic heterogeneity that occurs as 
both inter- and intra-tumor heterogeneity”. Heng then poses “the question that no one dared to 
ask: what if common mutations are not the key to cancer?”, citing doubt (2, 3) whether the 
leading cancer paradigm for the last 50 years is addressing the right questions.    
  
Indeed, several new alternatives to the ‘Somatic Mutation Theory’ have been proposed, to wit 
the ‘Tissue Organization Field Theory’ (TOFT), summarized as “development gone awry” (4). 
Duesberg et al. (5) ask whether carcinogenesis is a form of speciation, considering that “cancers 
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have individual clonal karyotypes (including aneuploidy), are immortal and evolve from normal 
cells treated by carcinogens only after exceedingly long latencies of many months to decades”. 
Davies and Lineweaver (6) home in on “the genes of cellular cooperation that evolved with 
multicellularity about a billion years ago”, suggesting they are “the same genes that malfunction 
to cause cancer. We hypothesize that cancer is an atavistic condition that occurs when genetic or 
epigenetic malfunction unlocks an ancient “toolkit” of pre-existing adaptations, re-establishing 
the dominance of an earlier layer of genes that controlled loose-knit colonies of only partially 
differentiated cells, similar to tumors”. 
 
The proposal I am outlining here harks back to the evolutionary transition from prokaryotes 
(mostly Archaea, Bacteria and viruses) to eukaryotes (organisms with nucleated cells, mainly 
protists, fungi, plants and Metazoa), and roots cancer in the prelude to eukaryogenesis. It is a 
Somatic Cancer Theory with a twist, restating Heng’s question, but with the emphasis on 
‘common’. Perhaps we need to look for mutations that are uncommon, inasmuch as they restore 
rather than destroy latent genome functions, thereby empowering the endoparasite as which 
cancer asserts itself. 
 
Cancer is usually associated with multicellularity. Surprisingly, genomic phylostratigraphy has 
revealed not one but “two strong peaks of the emergence of cancer-related protein domains, 
one at the time of the origin of the first cell and the other around the time of the evolution of 
the multicellular metazoan organisms” (7). Ciccarelli (8) points out that these two peaks are 
enriched in two distinct groups of genes, the first with ‘caretakers’ controlling genome stability, 
and the second with ‘gatekeepers’, which affect cell differentiation, growth and death. “The 
second mechanism is intimately connected to multicellularity and the interactions between cells 
within a complex organism. This observation puts cancer in the context of macroevolutionary 
transitions…” (8), and “confirms the ancient origin of gene functions involved in cancer” (7). 
 
Regarding terminology in this essay, I shall refer to cancer as a genome syndrome endemic to 
eukaryotes, but prominently expressed in multicellular Metazoa. Except where otherwise stated, 
I refer to human cancer, and use ‘driver’ as shorthand for any gene/mutation that is essential for 
initiating carcinogenesis and confers clonal growth advantage (9). I propose the term ‘prosex’ for 
horizontal gene transfer (HGT) with recombination in prokaryotes, and ‘eusex’ for HGT (crossing 
over) in eukaryote meiosis and syngamy. 
 
 
 
 
 
2. The ‘Prokaryote Endofossil Theory’ (PET) of cancer in a nutshell 
 
It now appears that eukaryogenesis was prefaced by massive horizontal gene transfer (HGT) of 
prokaryote genomes to a candidate archaean (10). Transferred genomes, many of them 
parasitic, were attenuated (switched to the lysogenic cycle) by having critical (driver) genes 
disabled (cleaved) while providing immune protection to the host by “superinfection exclusion”. 
Cleaved genomes were then dispersed and recombined across the host genome, thereby 
preventing reversal to virulence. Superinfection exclusion may thus have initiated the evolution 
of the complex eukaryote genome topology of split-and-separated genes, including the three-
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dimensional interaction of coding genes with non-coding regulators in transcription, as outlined 
in ‘the genome theory’ (11).  
  
Carcinogenesis reverses the attenuation phase of this process, initiating a chaotic ‘lytic cycle’. 
Among the numerous mutations that a somatic cell accumulates over its replication cycle, some 
may fortuitously restore ancient prokaryote genome topologies, fuse cleaved genes, re-
empower disabled driver genes, or silence tumor suppressor genes. As oncogenes they 
subsequently accelerate the host cell cycle, generating more mutations that eventually drive 
cancer progression. Carcinogenesis in this scenario is the mutational resurrection of prokaryote 
endoparasite genomes, long ago disassembled and dispersed over what was to become the 
eukaryote genome. The heterogeneity and progression of cancer reflects the chaotic interplay 
between multiple, diverse (and possibly competing) ancient parasite drivers commandeering an 
unfamiliar host soma, and increasingly destabilizing it.  
            
       
I am painfully aware of the risk of presenting two hypotheses in tandem - both unproven yet 
crucially reliant on each other; both pivoting on the ‘just-so’ story of the eukaryote genome 
having accreted from multiple dismembered prokaryote genomes - especially when linking 
cancer with eukaryogenesis, another “fundamental, forbidding evolutionary puzzle…”(10), and 
the origin of eusex, which is joined to eukaryogenesis like a Siamese twin, and “remains one of 
the great puzzles of evolution theory” (12).  
 
Fortunately there is no need here to delve into eukaryogenesis (13, 14); its well-documented 
antecedents of “massive gene transfer” (10, 15), and the precocious complexity of the nascent 
eukaryote cell (16), with its peculiar gene (17) and genome architecture as the most conspicuous 
end product (18), may suffice for matching it to the retrograde nature of cancer. However, some 
background on the current view on cancer, and a list of essential differences between 
prokaryotes and eukaryotes including their sexual practices is needed before attempting to 
connect the dots, with emphasis on ‘superinfection exclusion’ as the key process in the path 
towards eukaryogenesis. 
 
 
 
3. Background:  Retrograde mutations 
 
3.1. Cancer begins with a driver mutation, ends in uncontrolled growth 
Cancer has been documented in most mammals and other vertebrates, indeed most Metazoa, 
and arguably in plants and single-cell ciliate protists (19). With rare exceptions (e.g., canine 
transmissible venereal tumor, 20) cancer is not contagious; nor is full-blown cancer inherited, 
but some 200 hereditary ‘cancer susceptibility syndromes’ have been described in humans, 
which may account for 10% of all cancer (20).   
 
3.1.1. Cancer is always associated with mutations (alterations to the genome), which inexorably 
accumulate in somatic cells with an individual’s age. In humans, ‘the risk of suffering any cancer 
before the age of 40 is ~2%, but by age 80 this risk increases to 50%’ (21). Of hundreds of 
thousands of mutations that may be found in a single cancer cell, only a few are ‘drivers’ that 
speed up clonal growth, the vast majority being ‘passengers’ hitching a ride.  
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3.1.2. Carcinogenic mutations can be caused by exogenous (e.g., UV light, certain chemicals) or 
endogenous agencies, particularly errors during genome replication. Mutations can also arise 
from horizontal gene transfer (HGT), especially in epithelia exposed to symbionts/pathogens (as 
in the intestinal tract), and from insertions by mobile transposable elements (22), viruses (e.g., 
human papilloma virus) or bacteria (e.g., H. pylori)(23).  
 
3.1.3.  Mutations may alter any level of genome organization, ranging from minor replication 
errors (base substitutions, indels - insertions/deletions of bases) to changes in gene copy or 
chromosome number (aneuploidy) and major genomic rearrangements (translocations). Many 
cancer genes are activated "through genomic rearrangement, which may join the sequences of 
two different genes to create a fusion gene, or it may position the cancer gene adjacent to 
regulatory elements from elsewhere in the genome, frequently across chromosomes" (9). ’The 
vast majority of somatic mutations in cancer are within non-coding regions, which comprise 
>98% of the genome’ (24). Among epigenetic effects (i.e., in transcription or translation), DNA 
hypomethylation [i.e., over-activation of genes] and hypermethylation [i.e., excessive silencing of 
tumor suppressors], “its almost constant companion, just usually (but not always) in different 
sequences”, are a ubiquitous feature in carcinogenesis (25). Other epigenetics related to 
carcinogenesis are only beginning to surface, such as changes in codon bias (i.e., the non-random 
use of synonymous codons in amino acid encoding) (26), and the reduction of DNA repair in 
progression to gastrointestinal cancer (27). 
 
3.1.4. Cancer progression is akin to asexual evolution (28). It starts from a single somatic stem 
cell when a driver mutation speeds up the cell cycle. More mitogenic mutations are likely to 
result, including additional ‘drivers’, some recruited from among former ‘passengers’ by 
association. The mutation rate may vary, and cancer evolution may switch between punctuated 
and stepwise. Tumor growth is a highly dynamic process where emergent outlier subpopulations 
can greatly influence the pattern of progression and the direction of evolution. Genome level 
changes (such as translocations) have a greater impact on cancer evolution than individual gene 
mutations in most cancer types, as karyotype alteration often results in altered system 
inheritance which defines the network structure and even can change the meaning of individual 
genes (representing 'parts inheritance') by changing the gene context’ (28). Different cancer 
types differ in their overall mutation rates, their predominant mutation types, and the 
distribution of mutations along their genomes. Substantial variation also exists in the epigenomic 
landscape of different tissues, specifically in patterns of chromatin accessibility, histone 
modifications, gene expression and DNA replication timing” (29). It has become increasingly 
evident that epigenetic abnormalities are not only widespread in many cancer types, but that 
some of them, either independently or in conjunction with genetic alterations, play a crucial role 
in establishing some of the hallmark of neoplasms (30). 
 
3.1.5. The most recent – and comprehensive – whole-genome analysis of the somatic mutation 
landscape in 560 breast cancers (31), reconfirms the Somatic Mutation Theory in principle. The 
study “detected 3,479,652 somatic base substitutions, 371,993 small indels and 77,695 
rearrangements, with substantial variation in the number of each between individual samples”, 
finding “that 93 protein-coding cancer genes carried probable driver mutations”. Some recurrent 
rearrangements ”were found beyond the numbers expected, …[but] the significance of these 
rearranged regions remains unclear.” 
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3.1.6. In summary, cancer emerges from a normal somatic (stem) cell acquiring driver mutations 
that may occur at any level of genome organization. The first drivers precipitate a self-
accelerating cascade of mutations that collectively promote clonal growth along stochastic 
pathways while noisily destabilizing the host genome. Martincorena and Campbell (21) conclude 
that “cancer is virtually inevitable in complex, long-lived, multicellular organisms.” 
       
3.2. Prokaryotes and eukaryotes - worlds apart? 
The average eukaryote cell is about 10,000 times larger than a prokaryote, which in turn has 
10,000 times the volume of a virus. Apart from structural and functional changes which, in 
eukaryogenesis, were brought about by the symbiogenic acquisition of organelles (mitochondria 
and chloroplasts), increasing size and complexity, novel lifestyles (e.g., 
predation/photosynthesis), and eventually multicellularity, the most glaring differences between 
prokaryotes and eukaryotes lie arguably in the architecture, mode of gene activation, and mode 
of recombination (sex) of their respective genomes. 
 
3.2.1. Prokaryote genes cluster and line up in a circular chromosome 
Prokaryotes lack a nucleus; their usually single, circular chromosome may contain 100,000 to 5 
million base-pairs coding for a few thousand genes, most of which are transcribed. Genes 
typically form linearly arranged operons in which a promoter is immediately followed by several 
genes that are transcribed together. Bacterial operons often consist of genes that are 
functionally related, being part of the same metabolic pathway. 
 
Prokaryotes defend themselves against intruding parasites such as bacteriophages by restriction 
enzymes (the ‘work horses of molecular biology’, 32), of which many hundreds have been 
identified (https://www.neb.com), each protecting the host from invading genomes by cleaving 
them at a target site “with immaculate specificity in sequence recognition” (33). Prokaryotes are 
also protected by CRISPR-Cas systems, endonuclease machineries akin to adaptive immunity 
because they ‘remember’ previous viral infections. 
 
3.2.2. Eukaryote genes are cleaved, spread over many chromosomes, and three-dimensionally 
regulated 
The eukaryote genome is sequestered within a porous nuclear membrane. Fairly typical for 
eukaryotes, the human genome contains 3 billion DNA base-pairs, with some 20,000 genes 
distributed over 23 pairs of linear chromosomes. Only a small percentage of the total genome is 
transcribed, whereas the remainder (which used to be called ‘junk DNA’, 34) is now known to 
hold elements that regulate genes during transcription. Most remarkably, genome elements in 
eukaryotes, while not randomly distributed (35), are rather ‘scattered’ along and among 
chromosomes; and are split, with coding regions (exons) interrupted by non-coding introns that 
must be excised before transcription begins. In addition, operons (or clusters) are rare, and the 
coding gene is often widely separated from its enhancers, which may even be located on a 
different chromosome (36). Transcriptional initiation, termination and regulation are 
consequently mediated by ‘DNA looping’, which brings together promoters, enhancers, 
transcription factors and RNA processing factors inside special nuclear regions (‘transcription 
factories’) to accurately regulate gene expression. Correct and timely activation of a gene not 
only depends on its sequence integrity, but as critically on genome topology and the three-
dimensional configuration of the chromosomes within the nucleus.  
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Proposed by Heng (1, 18), the genome-centric concept, or genome theory, views a genome as a 
hierarchic system in which karyotypes define system inheritance, and genes define parts 
inheritance. “This explanation is often easiest to comprehend with the aid of analogy. Imagine 
that each individual gene is a building material – red brick, lumber, tile, etc. These are necessary 
to build any kind of building yet, depending on how they are arranged, the final results will be 
drastically different - a house, a skyscraper, a laboratory. In this analogy, the genome is the 
blueprint that determines how the various materials (genes and their encoded pro ducts) will 
come together to ultimately form the complete structure (the cell). The three-dimensional 
architecture of the genome therefore governs the structure of the genetic and protein networks” 
(18).  In this system view, random mutations – rather than being near-universally destructive – 
may have a better chance of tinkering with existing modularity - throwing switches, substituting 
materials, changing quantities or time sequences – and constructing novelty. The building 
materials may be of prokaryote heritage while their innovative modular use, especially at the 
time of multicellular diversification, was the hallmark of eukaryotes.  
   
The resourcefulness of the eukaryote genome emerges when we read that “de novo origin of 
protein-coding genes from non-coding DNA is a consistent feature of eukaryotic genomes, 
having been discovered in organisms as diverse as yeast, plants, flies, mammals, primates and 
even in recent human evolution” (37) – including some that are implicated in human 
neuroblastomas (38). 
 
3.2.3. Prosex is unilateral HGT on demand or by ‘parasitic rape’ 
The core purpose of sex is recombination of non-identical genomes; a new genotype. Sex in 
prokaryotes is the acquisition and recombination of foreign DNA by unilateral HGT modes, such 
as transformation (uptake of naked DNA from the environment), conjugation (transfer of a 
plasmid from donor to recipient), and transduction (infection by a bacteriophage, frequently 
including some adjoining bacterial DNA from a previous host).  
 
Operating in the “no man’s land between heredity and infection, between physiology and 
pathology” (39), HGT is now considered the main mechanism for the astonishing diversity and 
adaptability of bacterial and archaean communities. While HGT events may not be much more 
common at a per capita per gene rate than mutation, it is estimated that 81% of prokaryotic 
genes have been involved in HGT at some point in their history (40). Prokaryote HGT can be 
highly promiscuous, extending across species, bacterial divisions and even across the three 
domains of life. Transferred DNA is mostly short, one to several genes (an operon), but can also 
involve gene clusters or significant parts of genomes. Acquired DNA is routinely cleaved into 
smaller sections, usually at highly specific sites, before recombination occurs.  
 
3.2.4. Eusex is bilateral HGT between consenting conspecifics 
“Prokaryotic recombination leads to [horizontal] pangenomes, and eukaryotic recombination 
leads to vertical inheritance” (41). Eusexual recombination is typically transacted twice per cell 
cycle, in meiosis (between grandparental genomes) and in fertilization (between parental 
genomes), when partner DNA strands pair up and cross over at least once per chromosome 
before recombining, each generating novel genotypes (42).  Unlike prosex, eusex is always 
followed by genome and cell replication. In meiosis and fertilization, it may be described as ‘safe 
sex between consenting, conspecific partners’ in which HGT has been internalized, preserving 
species identity (43), while generating offspring with unique new genotypes. The eukaryote 
individual thus becomes both a uniquely new message (genotype) and its incarnation 
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(phenotype) being tested by selection (44). This double role makes recombination (45) the 
compromise of choice between the freedom to change and the necessity to safeguard genome 
integrity and copying fidelity - both paramount in Darwinian evolution. 
 
3.2.5. Genome ‘go-betweens’ and HGT 
There are also tiny mobile elements such as viruses and plasmids, interpreted either as 
evolutionary precursors (escapees) or contemporaries of prokaryotes (46). Not being able to 
reproduce by themselves, they invade hosts and act as go-betweens in HGT, shuttling between 
often unrelated hosts, frequently taking adjoining host DNA with them. This may result in 
substantial amounts of bacterial DNA being of prophage origin, suggesting an ancient, ongoing 
two-way coevolution of viral (parasite) and bacterial (host) genomes (47).   
 
Transposable elements (TEs, 31) act like internal versions of phages; some are indeed considered 
endogenous retroviruses, i.e., remnants of viruses that have lost the ability to re-infect cells (48). 
TEs can mutate the genomes of their hosts either by ‘jumping’ to new locations or by facilitating 
chromosomal rearrangements through homologous recombination. Almost half of the human 
genome is composed of TEs but only a small fraction is active; the rest is considered ‘extinct’ or 
‘epigenetically silenced’ (49). TEs have been implicated in tumorigenesis (50). Ewing (51) “found 
somatic L1 insertions not only in all cancer types and metastases but also in colonic adenomas, 
well-known cancer precursors. Our results demonstrate that extensive somatic insertional 
mutagenesis occurs very early during the development of GI tumors, probably before dysplastic 
growth”. 
 
3.2.6. ‘Superinfection exclusion’ - a ‘Jekyll and Hyde’ syndrome  
The co-evolutionary arms race between bacteria and their viruses - bacteriophages - may well be 
the oldest and longest battle in life’s history, continuously pitting bacterial defenses against the 
emergence of new phage infectivity. Yet out of antagonistic interactions between prokaryote 
parasites competing for the same host a process emerged as ubiquitous as it is therapeutically 
used in veterinary and human medicine (52). Known as ‘superinfection exclusion’ or competitive 
exclusion, it may be related to phenomena described as lysogenic conversion (53), attenuation 
(54), bacterial interference (55), barrier effect (56), and surface exclusion in plasmids (57). The 
net effect is that a resident, ‘attenuated’ parasite protects the host from further infection as its 
genome recombines with the host’s, and is passed on to the next generation (58-60).  
  
Lysogeny in viruses provides the most inclusive model for this process. ‘Temperate’ phages 
infecting bacteria can alternate between two lifestyles:  
i) a lysogenic cycle (in which the phage genome (as prophage) recombines, and is passed on to 
daughter cells together with the host genome (which renders the host effectively immune to 
subsequent infection by additional phages), and  
ii) a lytic cycle, switched on by an environmental insult such as UV light, in which phages 
proliferate, killing the host and swarming out in search of new hosts. Indeed, many bacteria 
harbor a multitude of prophages, with each phage-encoded virulence or fitness factor making an 
incremental contribution to the fitness of the lysogen. “It is important to note that lysogenic 
conversion is only one of at least five different ways by which temperate phages affect bacterial 
fitness: (i) as anchor points for genome rearrangements, (ii) via gene disruption, (iii) by 
protection from lytic infection, (iv) by lysis of competing strains through prophage induction, and 
(v) via the introduction of new fitness factors (lysogenic conversion, transduction) (79).” 
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The ability to choose between lifestyles may be advantageous to the parasite, but not to the 
host. In the long run probably only those hosts survived who could lock the switch in the 
lysogenic position, effectively attenuating the parasite while retaining its immune protection. 
Endosymbiotic gene transfer (41) served a similar goal: regardless of how the ‘wild’ precursors of 
mitochondria (61) and plastids (62) were acquired, lasting symbiosis was only achieved by 
transferring critical symbiont genes to the host, resulting in the loss of symbiont autonomy (63). 
The genetics of switching have only recently been explored, suggesting, for example, a role for 
CRISPR regions in modifying the effects of lysogeny on P. aeruginosa (64). Goldberg (65) shows 
“that the Staphylococcus epidermidis CRISPR-Cas system can prevent lytic infection but tolerate 
lysogenization by temperate phages.” 
 
I propose that ‘superinfection exclusion’ by disarming driver genes of incoming genomes 
followed by recombination was the prevailing HGT mechanism in the preface to eukaryogenesis, 
resulting in massive gene gain with immune protection to the emergent host. Attenuation may 
have been such a vital selective advantage that it set the incipient eukaryote on a monophyletic 
course towards its hallmark cleaved-and-scattered, three-dimensionally functioning genome 
architecture.  
 
 
4. Genomes within the genome 
 
4.1. From prokaryotes to eukaryotes… 
Molecular phylogenetic analyses of gene clusters from marine planktonic archaea showed that 
nearly 30% of genes had been acquired from bacteria in ancient and recent HGT events (66). In 
yeast and other eukaryotic genomes bacterial genes outnumber genes of archaeal origin by a 
factor of about 3:1 (41). Koonin (10) summarizes the current view that eukaryotes originated 
within archaea (specifically the TACK superphylum), citing “homologues of signature eukaryotic 
proteins [that] have been detected in diverse archaea”, and evidence that “the origin of the 
major archaeal phyla involved massive acquisition of bacterial genes”. Hard in Koonin’s tracks, 
Spang (15) describe the new phylum Lokiarchaeota, “which forms a monophyletic group with 
eukaryotes... and whose genomes encode an expanded repertoire of eukaryotic signature 
proteins… demonstrating that many components that underpin eukaryote-specific features were 
already present in [the archaean] ancestor. This provided the host with a rich genomic ‘starter-
kit’ to support the increase in the cellular and genomic complexity that is characteristic of 
eukaryotes”. Probing the characteristics of the LECA (Last Eukaryotic Common Ancestor), 
Wickstead and Gull (16) consider that “one of the most surprising results…has been how much of 
the biological complexity in extant cells can be traced back to this ancestral cell…. This 
“complexity early” model of eukaryotic evolution is mirrored in the cytoskeleton, where, 
somewhere in the evolutionary space between prokaryotes and the LECA, single proto-tubulin 
and proto-actin molecules diversified into multiple specialized forms”. 
 
An increasing number of complex homologies, such as genes and metabolic pathways, are now 
being identified - the ‘building materials’ in Heng’s analogy (18). Taylor (67) mused that “the 
eukaryote cell is a multiple of the prokaryotic cell”, and Treangen and Rocha (68) noted that 
prokaryotes “invented most of lifeʼs biochemical diversity”, collectively sharing their major 
metabolic pathways with eukaryotes (69). Wilkins (70), reviewing the evolution of meiosis from 
mitosis, remarked that “it is striking how much of the molecular machinery that [homolog 
synapsis in meiosis] brings into play is conserved between prokaryotes and eukaryotes and 
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between mitosis and meiosis”. Lane (71) concluded that “virtually every ‘eukaryotic’ trait can 
also be found in prokaryotes”. 
 
Overall, this suggests that the nascent eukaryote somehow inherited the bulk of the prokaryotes’ 
toolkit for tackling life’s challenges and reorganized it before going on to construct and operate 
complex organisms – with cancer in pursuit. In an analogy from Latin etymology it is as if 
prokaryotes had evolved the roots of verbs (such as –duce = to lead) and prefixes and what not, 
but the eukaryote re-combined them for new meanings, such as ad-, de-, pro- or re-duce. It 
would not come as a surprise, then, if a typographical error (mutation) spelling the sequence “re-
pro-duce-me-now!” initiated a neoplastic cell cycle (just as the command “re-duce me now!” 
might in-duce apoptosis…). 
 
4.2. …and back to cancer 
 The ‘Prokaryote Endofossil Theory’ matches and connects heterogeneity - the key feature of 
cancer (1) - with heterogeneity and multiple inheritance in the processes leading to 
eukaryogenesis. The numbers of candidate ancestral prokaryote genomes (including phages), 
and the astonishing diversity and specificity (33) of restriction enzymes and CRISP-Cas systems - 
all in the hundreds or thousands – meet in the cleaved-and-dispersed nature of the eukaryote 
genome. Quite possibly the original prokaryote ‘owner’ (phage?) of a resurrected driver gene 
may be long extinct, justifying the use of ‘endofossil’.   
 
If disrupting/dispersing former parasite driver genes was indeed the universal mechanism for 
achieving lasting attenuation in nascent eukaryogenesis, then we should expect mutations that 
change genome topology and/or epigenetic regulation, such as rearrangements, to have a higher 
probability for restoring oncogenes, as seems to be the case. 
  
Conversely, it has been proposed that recombination sex arose to minimize the formation of 
potential ‘meiotic drive’ allegiances (72), which have been found in all genetically well-studied 
species (73). Since recombination is also common in mitosis, where it functions as a DNA repair 
mechanism (74), the possibility of  ‘oncogene allegiance’ cannot be excluded. Interestingly, a 
‘mitotic drive’ has been shown in myotonic dystrophy (75), as “a rapidly proliferating 
mutant…which shifted toward further expansion by ‘step-wise’ mutations, becoming the major 
allele population [in culture]” – all of which fairly describes cancer progression. Melamed (76) 
only just uncovered a fascinating “genetic similarity between cancers and co-morbid Mendelian 
diseases” sharing candidate driver genes. This opens up the possibility that cancer is not the only 
syndrome governed by the mechanisms of the PET.   
 
In his personal recollection of some 30 years of cancer research, Robert Weinberg (77) muses 
how “by the mid-1970s, with rare exception, tumor virologists had come up empty-handed in 
their search for human retroviruses… The work went on nevertheless, because of a simple 
inescapable fact: that small numbers of viral genes could somehow overrule the vastly larger 
genomes of cells, forcing the latter into a neoplastic state. This, on its own, represented a truly 
revolutionary concept!”  
 
The perspective of cancer, finally, adds poignancy to Lane’s (78) vision that “the secret of 
complex life lies in the chimeric nature of the eukaryotic cell—a hopeful monster, born in an 
improbable merger 2 billion years ago, an event still frozen in our innermost constitution and 
dominating our lives today”. 
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