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Abstract 
 

         Recently, some pundits have called for a theoretical revolution in the life sciences, 

stating that it is outdated in the Modern Synthesis, our current view of evolution. 

However, the past decades, rapidly growing evidence has suggested that it may be time to 

turn data into knowledge. In the 1990s, several new interdisciplinary fields emerged that 

have partly addressed the deficiencies of the Modern Synthesis at the molecular, cellular 

and individual organism levels. However, as we continue to uncover more unknowns, the 

Modern Synthesis has faced increasing challenges, particularly when confronted with 

following three realities: (i) increasing evidences have indicated that the genetic 

introgression in both prokaryotes and eukaryotes is not only endogenous as what neo-

Darwinians insisted on, but also from exogenous sources as what Lamarckians claimed; 

(ii) newly discovered sub-cellular and molecular entities that are the evolutionary 

consequence of natural selection have no place in traditional Darwinians’ universal tree 

of life; and (iii) fertilized oocyte-mediated cytoplasmic heredity and pregnancy-

associated eukaryotic integral cell inheritance are beyond the scope of DNA-centered 

modern genetics and genomics.  

       Additionally, the diversity and continuity of both abiotic and biological species 

throughout the evolutionary process require a unified theory. In this article, I discus these 

three challenges faced by the Modern Synthesis from a fimpological perspective, argue 

that it is time to upgrade “evolution” to “evolutiology,” and propose that biology, ecology, 

and evolutiology should unite to form a new theoretical symphony for the future 

Synthesis. 
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Introduction 
  

      Since the early 20th century, Lamarck’s theory of  “the inheritance of acquired 

characteristics,” which posits that evolutionary change is endowment is driven by an 

organism's experiences and environment, was discarded by many famous evolutionary 

biologists in the fields of genetics, biomathematics, zoology, paleontology and botany, 

they brought Darwinian natural selection and Mendelian genetics together to form the 

“Modern Synthesis” in the mid-20th century. Therefore, they are often referred to as 

“neo-Darwinians” and the theory they proposed is known as the “Modern Synthesis,” 

“evolutionary synthesis,” or “neo-Darwinian synthesis. ” [1–6] Since then, the Modern 

Synthesis has been accepted as our modern understanding of how evolution works. In the 

Modern Synthesis, natural selection is the driving force for biological evolution; and the 

mutagenic traits are the objects that natural selection acts on.  

     Eleven years ago, Nobel laureate Sydney Brenner pointed out: “we are all conscious 

today that we are drowning in a sea of data and starving for knowledge,” and “we need to 

turn data into knowledge.” [7] Recently, a few evolutionary biologists strongly expressed 

the imperative necessity for a theoretical revolution in the new era of the life sciences.[4, 

6, 8–16] Woese and Goldenfeld said, “It can no longer afford to keep the study of 

evolution within the narrow confines of the so-called modern evolutionary synthesis.” [11] 

Koonin considered that “if the Modern Synthesis can be succinctly described as 

Darwinism in the Light of Genetics (often referred to as neo-Darwinism), then, the new 

stage is Evolutionary Biology in the Light of Genomics.”[12] Boto argued that “selection 

and neutral variation, phylogeny and development, gradualism and innovation, vertical 

and horizontal inheritance: every one of these is a piece of an intricate puzzle, and it is 

thus necessary to piece them together to achieve a coherent understanding of evolution.” 

[13] Prosser and colleagues believed that “the full potential of the ongoing revolution will 

not be realized if research is not directed and driven by theory.”[17] 

     In the following content, I from a fimpological perspective discuss several newly 

emerged interdisciplinary fields and the following three challenges confronted by the 

Modern Synthesis: (i) Increasing evidence has indicated that the genetic introgression in 

both prokaryotes and eukaryotes is not only endogenous as neo-Darwinians insisted, but 

also from exogenous sources as Lamarckians claimed; (ii) newly discovered subcellular 

and molecular entities that are the evolutionary consequence of natural selection have no 

place in traditional Darwinian universal tree of life; and (iii) fertilized oocyte-mediated 

cytoplasmic heredity and pregnancy-associated eukaryotic integral cell inheritance are 

beyond the scope of DNA-centered modern genetics and genomics. Furthermore, I 

propos that now is the time to upgrade evolution to evolutiology; and that biology, 

ecology, and evolutiology should unite to form a theoretical symphony for the future 

synthesis. 

 

 

Newly Emerged Interdisciplinary Studies 
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     Since the 1990s, several new interdisciplinary fields have emerged for studying the 

relationships between developmental biology and evolutionary biology,[18] between 

developmental biology and ecology,[19] and between bacteriology and developmental 

biology.[20] These fields typically result from the combination of two different 

disciplines.  

 

Evo-Devo — the study at the individual organism level 
 

Evolutionary developmental biology, or “Evo-Devo”, emerged in the 1980s as the 

integration of two disciplines—developmental biology and evolutionary biology. [18] 

The principle of Evo-Devo is that evolution arises from hereditable changes in 

development.[21] Evo-Devo aims to answer two major questions: (i) “how organisms 

evolve and change their shape and form” and (ii) “how alterations in gene expression and 

function lead to changes in body shape and pattern” [18] On the one hand, Evo-Devo has 

discarded the population-level model used in the Modern Synthesis and returned to the 

individual organism level, the foundation of traditional biology. On the other hand, Evo-

Devo continues to study at the genetic level and therefore remains related to the Modern 

Synthesis.  

However, even at the genetic level, there are also significant differences in 

understanding genes between Evo-Devo and the Modern Synthesis. For example, the 

Modern Synthesis sees spontaneous gene mutations, genetic recombination and genes 

drift in populations as the sources of genetic variation. In contrast, Evo-Devo revealed 

that changes in gene expression and function during development are influenced by 

individual internal and external factors and are the result of natural selection, and thus 

play a role in evolution. Evo-Devo argues that morphological evolution occurs through 

changes in embryonic development and predominantly relies on changes in the 

architecture of gene regulatory networks and the expression of numerous transcription 

factor genes.[10, 22–27] 

 

     Regulation of gene expression during development and its significance in evolution 

have been studied in Evo-Devo not only in multicellular eukaryotic organisms such as 

fishes,[28, 29] sea urchin,[30–33] and hemichordate Saccoglossus kowalevskii,[34] but 

also in prokaryotic organisms such as Escherichia coli.[35, 36] For instance, the 

expressions of  genes for POU, LIMHD, Pax, Bar, Prox2, NK-2, T-box, MEF-2, Fox, 

Sox, Ets, and nuclear hormone receptor families have been analyzed during sponge 

embryogenesis,[37] and the spatial expression of  SpHox7, SpHox8, SpHox9/10, 

SpHox11/13a and SpHox11/13b have been observed in sea urchin during larval 

development.[38] Other elements including small RNAs, riboswitches, RNA-binding 

proteins, sigma factors, protein-protein interactions, and DNA supercoiling have also 

been studied in Evo-Devo.[39, 40] While Evo-Devo has filled in the deficit at the 

molecular and individual level of the Modern Synthesis from a biological perspective, the 

shortage of the Modern Synthesis in macro- and micro-ecology remains, which Evo-

Devo cannot address. Interestingly, 12 years ago Gilbert already highlighted the 

integration of ecology into developmental biology.[19] Combining Evo-Devo with 
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ecology may be a solution, but it raises the question “is Evo-Devo-Eco enough for the 

future Synthesis?”  

 

 

 

 

The Integration of developmental biology into bacterial 
microbiology: bacterial group behavior in embryology 
 

       The study of the influence of bacteria on animal developmental processes is a newly 

emerged interdisciplinary field for the marriage of bacterial microbiology and 

developmental biology.[20, 41, 42] In the past two decades, accumulating evidence has 

shown that bacteria, as a  critical evolutionary entity and environmental constituent, have 

a strong relationship with animal development.[41, 43–47] For example, many species of 

fish obtain luminescent bacteria such as Photobacterium phosphoreum to form their light 

organs.[48] Adult hydrothermal vent tubeworms (Vestimentifera, Siboglinidae) are 

nutritionally dependent on their bacterial symbionts  during the early juvenile stages of 

the tubeworms.[49] It is also known that ruminants depend on their microorganism 

symbionts for digestion. To date, no animal species has been found to produce enzymes 

for the digestion of structural carbohydrates such as cellulose, hemicellulose and pectins. 

[50] However, wild ruminants have evolved the ability to digest fibrous plant materials, 

which depends on their harbored ruminal prokaryotic bacteria, eukaryotic fungi, and 

protists, but not on the function of the host eukaryotic cells of the ruminants 

themselves.[316] Approximately 75%-80% of the total energy in cows comes from short-

chain fatty acids (SCFAs), which are formed through microbial fermentation.[50] 

    Symbiotic bacteria in the human body were first described by Antoni van 

Leewenhuock (1632-1723), a Dutch science giant, as early as the 1670s using his single-

lens microscope. Since then, and even during the time of Pasteur and Koch, human 

symbiotic bacteria were overlooked for more than three centuries. The revitalization of 

the study on human symbiotic microorganisms occurred in the1990s, which can be 

attributed to the emergence and rapid development of microecology and cultivation-

independent methods. Over the past decades, symbiotic bacteria have been widely 

studied in humans,[51–64] and many non-human animals such as rodents,[65–66] 

canine,[67–68] feline,[69] cow,[70, 71] sheep,[72, 73] swine,[74–76] birds,[77–79] 

worms,[80–83] leech,[84, 85] insects,[86–93] and nematodes.[94] 

     Despite many descriptive studies on symbiotic bacteria, their significance in biology 

and ecology has gradually attracted researchers’ attention. Eleven years ago, Margaret 

McFall-Ngai called for the integration of developmental biology into bacterial 

microbiology due to her increasing awareness of the influence of bacteria on animal 

development.[20] McFall-Ngai asserted that “without such an integration these two fields 

will run the risk of missing important clues to both the evolution of animal–bacterial 

interactions and the mechanisms underlying animal developmental processes.”[20] 

McFall-Ngai asked two critical questions: “what portions of an animal’s life cycle are 

affected by interactions with coevolved bacterial partners? And, how are these 
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interactions integrated into the developmental program of a given host animal species?” 

[20] Doubtlessly, McFall-Ngai pointed out a new and correct direction for the 

development of developmental biology. However, following this path will confront many 

known and unknown problems. For instance, as we know that eukaryotic organisms are 

the starting line for the research of developmental biology, and that bacterial 

microorganisms are the most diverse prokaryotes on Earth, the integration between 

developmental biology and bacterial microbiology in nature involves prokaryotes and 

eukaryotes, which will inevitably be related to the evolutionary relationship between 

them. In fact, the deficiency of the traditional Darwinian universal tree of life has 

suggested that bacterial microbiology alone may not be sufficient to support the extension 

of developmental biology, which will be discussed further in the following content. 

 

 

Combination of microbiology with ecology 
 

     In 2007, Prosser and colleagues emphasized the importance of another newly emerged 

discipline, microbial ecology, the combination of microbiology with ecology.[17] 

Recently, Koonin and Wolf pointed out “the combination of genomics and microbiology 

is indeed critical in the advent of this new age of evolutionary biology.” [5] Woese 

emphasized Beijerinck's view of combination of macro-biology, microbiology, micro-

ecology, and evolution. [11] It is true that uniting traditional biology and its subfields 

with micro-ecology is a correct direction for the future synthesis, but it is still not enough. 

In addition, there has not been any evolutionary theory to bridge the gap between 

microbial ecology and macrobial ecology [17, 95]. The same problem also exists between 

macro-biology and microbiology. Interestingly, although prokaryotic bacteria were 

discovered Antoni van Leewenhuock in the17th century, their place in the traditional 

Darwinian universal tree of life was not recognized till the 1970s, when Carl Woese 

discovered Archaea. [96–98] Since then, Bacteria, Archaea, and Eukarya have been 

recognized as the three domains of life.[99] 

     In fact, the initial understanding on evolution was established based the observation of 

natural plant and animal species and fossils; and therefore the lowest starting point of 

evolution was at the eukaryotic cell level since August Weismann (1834-1914), the 

German biologist who established the first theoretical bridge between Darwin’s 

evolutionary theory and the cell theory. However, the prokaryote-rooted recognition in 

the traditional Darwinian universal tree of life has faced significant challenges in recent 

years,[100, 101] especially, when facing newly discovered sub-cellular and molecular 

entities, whose evolutionary significance clearly exceeds the traditional scope of 

microbiology, biochemistry, biophysics, and cytology. For instance, the largest viruses, 

Pandoraviruses, recently discovered by Philippe and colleagues, [102] and the second 

largest viruses, Mimivirus, discovered by Raoult’s team 10 years ago, [103, 104] suggest 

that the current three domains of life (bacteria, archaea, and eukarya) may require 

revision. On the other hand, the combination of anthropology with human genetics and 

genomics over the past decades has raised many new questions about the origin, 

evolution, and dispersal of modern humans on Earth, for which we lack a theory that can 
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account for both social and biological perspectives. Therefore, we need a novel 

theoretical bridge to span the vast gaps between ‘macro’ and ‘micro’, ‘abiotic’ and 

‘biotic’, ‘individuality’ and ‘population’, and ‘extant’ and ‘ancient’; without it, we will be 

unable to accurately predict evolutionary trends. 

 

 

Challenges Faced by the Modern Synthesis 
 

I. The genetic introgression from both endogenous and exogenous 
sources: DNA-centered inheritance has both ‘hard’ and ‘soft’ 
characters 
 

     Since H. J. Muller discovered in 1927 that mutation could caused by ionizing radiation, 

for years, spontaneous mutations at single-nucleotides under natural conditions, genetic 

recombination, and genetic drift have been accepted by neo-Darwinians as the source of 

genetic variation.[105, 106]  

     Because the Modern Synthesis holds that the hereditary material is resistant to 

environmental influences (except, of course, mutagenic effects), the nucleotide sequence 

of DNA passed to offspring is constant, a ‘hard inheritance’, and only changes by rare 

random mutation.[2, 107–109] 

     The Modern Synthesis completely discards Lamarckians’ concept that nucleotide 

sequence of DNA passed to offspring is changeable under the impact of environment, for 

which Ernst Mayr coined the term ‘soft inheritance’; therefore, “Neo-Darwinism may be 

defined as the Darwinian theory of evolution without recourse to any kind of soft 

inheritance.” [110] In the Modern Synthesis, mutations (genetic novelties) chosen by 

natural selection arise by chance, and usually are small genetic variations within 

populations; therefore, these kinds of evolutionary changes are tiny and are called 

‘microevolution’.  Large evolutionary changes, such as a new species or divergence that 

are called ‘macroevolution’, are the consequence of the accumulation of microevolution 

over many generations; and moreover, genetic mutations within existing chromosomes 

have been seen as the only source of new selectable genetic variation. Indeed, if we see 

the Modern Synthesis as the metaphor of a bridge for evolution, it was actually an arch 

bridge depending on merely two piers: one was at the molecular level; and another was at 

the macroorganism level.         

      However, controversies and questions around the above two conclusions have not 

stopped, such as “under what conditions does geographic isolation constitute a 

reproductive isolating barrier?” [111] “how does a given evolutionary principle or 

phenomenon actually operate in an individual case?” [1] Moreover, while the synthesis 

narrowed the gap between the experimental geneticists and the naturalists, the 

evolutionary relationships between species and their environment have been drifted apart 

more than before. The picture described by the Modern Synthesis for evolution is 

incomplete.  

      Since the rediscovery of the Mendel Law in 1900, biologists soon discovered that 

chromatin in nucleus is the hereditary material, which ordinarily looks like a ball of 
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tangled string, but begins to turn into rod like chromosomes during cell division. 

Chromosomes can show a unique banding pattern after special dye. It was a much clearer 

understanding than before that the genes described by Mendel should located in 

chromatin or chromosomes. However, at that time the dominant comprehension among 

geneticists was that “genes were preprogrammed, and like beads on a string, occupied a 

fixed place on chromosomes and displayed a fixed function.” [112]. That was why 

although transposable elements (TEs) were discovered by Barbara McClintock in the 

1940s,[113] their significance and importance were not accepted for many years until in 

1983; and some 30 years after her discovery, McClintock was awarded the Nobel Prize in 

Physiology or Medicine. Clearly, the tremendous evolutionary gap between the molecular 

world and the macroorganism world had been underestimated or ignored in the Modern 

Synthesis, which would seem unbridgeable if an overpass did not have underwater piers. 

Love also noticed that “the synthetic theory of evolution did not capture multiple levels 

of biological organization.” [114]  

     Recently, Weissing, Edelaar, and van Doorn pointed out that such ‘gap’ exists 

“between micro-evolution (that mainly occurs at or below the species level) and macro-

evolutionary processes like adaptive radiations that largely occur above the species 

level.” [115]  

    After entering the 21st century, the inadequacy of the Modern Synthesis has become 

more and more dazzling, and has encountered some criticisms.  

Marc Kirschner and John Gerhart argued that the Modern Synthesis lacked a pillar to 

explain the feasibility of evolutionary change.[116]  

Mary West-Eberhard stated straightforwardly that “The synthesis was not a monolithic 

affair” for it refused the natural selection operating on the molecular level such as acting 

on genotype or the gene.[2]  

Denis Noble argued that the Modern Synthesis formed “barriers to the integration of 

physiological science with evolutionary theory.” [117]  

Indeed, the organ-centered physiological systems and human individuals have been 

studied by modern physiology since the 19th century; however, both are the two 

remarkable deficiencies in the Modern Synthesis.  

According to the famous saying of the French physiologist Claude Bernard (1813-1878) 

“medicine is the science of sickness; physiology is the science of life; thus physiology 

must be the scientific basis of medicine,” [118] It is clearly that such barriers created by 

the Modern Synthesis have hindered not only the integration of physiology and 

evolutionary theory, but also delayed the combination of medical science with 

evolutiology.  

The molecular and evolutionary developmental biologist Sean Carroll humorously 

complained that [the Modern Synthesis] “forces the explanation toward mathematics and 

descriptions of genes, and away from butterflies and zebras.” [105] 

It’s not difficult to understand that the literature of William Shakespeare can be studied 

not only through reading the words, sentences, paragraphs, plots, and even studying the 

author’s writing styles, but also through calculating the change in alphabet letters’ 

frequencies.  

Similarly, the biological evolutionary history on this planet can also be studied not 

only at the various levels of sub-cellular entities, cellular organisms, individuals, and 
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social populations, but also at the molecular level through the changes in gene 

frequencies, because they all have constituted various facets of biological evolution over 

the past 3.5 billion years.  

     Since the discovery of transposable elements and horizontal gene transfer between the 

1940s and the 1950s,[113, 119–121] and endogenous retroviruses in the late 1960s and 

early 1970s,[122] accumulating evidence has indicated that genetic alteration in both 

prokaryotes and eukaryotes is not only endogenous, as what neo-Darwinians insisted, but 

also from introgression from exogenous sources, as Lamarckians claimed.[123–145] For 

instance, over the past decades, experimental evidence has shown that at the cellular level, 

horizontal gene transfer may occur from a prokaryote to a prokaryote,[146–150] from a 

prokaryote to a eukaryote,[142, 143, 145, 147] from a eukaryote to a prokaryote,[139, 

151] or from a eukaryote to a eukaryote.[152, 153] 

 

 

II. Sub-cellular and molecular entities have no place in traditional 
Darwinians’ universal tree of life 
 

     It was Antoni van Leewenhuock who opened the first window of the microorganism 

world for human beings in the17th century; however, the evolutionary relationship 

between bacteria and traditional biology was not generally recognized until the late 

1970s.[154] The electron microscope, invented by Germans Ernst Ruska and Max Knoll, 

has opened the second window for watching subcellular entities of the microorganism 

world since the 1930s, which made it possible to obtain clear images of many entities 

smaller than cells. Viruses and exosomes are two examples of them. Viruses are usually 

about 20–200 nm long; [155, 156] and exosomes are between 30 nm and 1000 nm in 

diameter.[157–159] The third window for watching the micro world from an evolutionary 

perspective has been opened by a series of discoveries of evolutionary molecular entities, 

including RNA and prion, which allows us to watch those bioactive molecules beyond 

the traditional scope of biochemistry and biophysics. Indeed, as we dig deeper into the 

micro world, the border of microorganisms gradually disappeared; and the sub-cellular 

level is connected with the molecular level through evolutionary mechanisms.  

 

 

Viruses—no place in Darwinians’ universal tree of life 
 

    The discovery of viruses should be attributed to the original curiosity of Louis Pasteur, 

who in the late 19th century hypothesized that pathogenic organisms smaller than 

bacteria might exist because many infectious diseases could not be detected and 

explained by his bacteriological techniques and theory. Interestingly, as bacteria once did, 

viruses were also first linked only with diseases in plants, humans, and non-human 

animals. It is well known that rabies, measles, smallpox, chickenpox, mumps, yellow 

fever, AIDS, hepatitis, and H1N1flu are all caused by relevant pathogenic viruses.  

    Since the late 20th century, the ubiquity and diversity of viruses have been gradually 

uncovered; viruses are believed to be the most abundant evolutionary subcellular entities 
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on Earth, with an estimated number of 10 30-31. [12, 160–163] It has been a truly 

astonishing, puzzling, and inspiring finding since the 1980s that the viral abundance 

exceeds bacterial abundance in different marine and freshwater systems.[155, 164, 165] 

In fact, viruses have been shown to play a major role in lateral gene transfer 

mechanisms.[150, 166–176] Unlike cellular organisms, viruses cannot replicate on their 

own and are totally dependent on their host cells’ machinery to make copies of 

themselves. Therefore, viruses are usually considered to have no place in Darwinians’ 

universal tree of life [177–179] because it is an evolutionary tree for cellular life,[170] 

which was previously believed to be a drawback of the universal tree of life.[180] 

      Another major reason for debating the position of viruses in the tree of life is that the 

origin of viruses is unclear.[173, 181–183] Some researchers believe that viruses 

originated from cells,[184, 185] which could go back at least to the last universal 

common ancestor (LUCA) of the cells because viruses were found in archaeal, bacterial, 

and eukaryal cells;[186–188] and moreover, Michael Bishop and Harold Varmus even 

discovered the cellular origin of retroviral oncogenes, for which they both were awarded 

the Nobel Prize in 1989. However, on the other hand, it has also been shown that 

eukaryotic cells can acquire genes from viruses. For example,  syncytins (syncytin-1 and 

-2), a protein expressed mainly in placental syncytiotrophoblasts, is encoded by the 

envelope gene of a human endogenous defective retrovirus, HERV-W.[189, 190] 

Therefore, the answer for the question of the origin of viruses cannot be found at the 

cellular level. Recently, the giant viruses, such as Pandoraviruses [102] and Mimivirus 

[103, 104] have made the origin of viruses more complicated, and further challenged 

Darwinians’ universal tree of life. Moreover, unlike the phylogenetic comparison in 

bacterial communities via 16S rRNA, it is impossible to apply it in viruses due to the lack 

of a universal marker gene,[191] which has further impeded our understanding of the 

viral world.   

     In my opinion, viruses evolved as an independent evolutionary entity with high 

diversity long before the emergence of primary cell-like organisms; the emergences of 

Virus Time might have occurred between the Latest Universal Organic Molecular 

Ancestor (LUOMA) and the Earliest Universal Cellular Ancestor (EUCA); and Virus 

Time might have been preceded by proteins, lipids, carbohydrates, membranes, and 

polyribonucleotide.[100, 101] Moreover, some independent vial strains remain in their 

original forms. Some free viral strains or species became extinct at later evolutionary 

time points, and their symbiotic strains continue to exist along the cellular 

path.[169,181,182,192] Therefore, the ancient viral polyribonucleotide, which is present 

within the genomes of extant prokaryotes and eukaryotes, could be named ‘viral fossils’, 

one class of molecular fossils present within extant cells.[100, 101] Recently, Emerman 

and Malik proposed a new discipline called ‘Paleovirology’ to study ancient extinct 

viruses (called ‘paleoviruses’) and the their effects on the evolution of their hosts.[176] 

Doubtlessly, although viruses have no place in Darwinians’ tree of cellular life, they play 

an important role in both pre-life and life evolution and have an unshakable place in the 

pre-cellular universal tree.[100, 101] 
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Other evolutionary sub-cellular entities—no place in Darwinians’ Universal 
Tree of Life 
 

     Over the past decades, another class of sub-cellular entity that has attracted much 

research attention is various types of membrane-enclosed microentities, such as 

ectosomes, exosomes, microvesicles and apoptotic bodies.[157–159, 193–199] For 

instance, in eukaryotic cells, as a membrane-enclosed microentity, exosomes are a 

heterogeneous population of vesicles with a diameter of 30 to 1000 nm,[157–159] and are 

formed intracellularly through endocytic invagination and then released into the 

extracellular space through a multivesicular body (MVB) transmission mechanism.[194] 

To date, exosomes have been shown to be secreted by different eukaryotic cell types, 

such as red blood cells,[200–204] peripheral blood mononuclear cells (PBMC),[205] 

dendritic cells,[198, 206] microphages,[207, 208] T lymphocytes,[207, 209] B 

lymphocytes,[210–212] platelets,[207, 213–215] reticulocytes,[207] prostate acinar 

cells,[216] intestinal epithelial cells,[217] renal epithelial cells,[218] tracheobronchial 

epithelial cells,[219] endothelial cells,[220] neural cells,[221] stem cells/progenitor 

cells,[159, 222–226] syncytiotrophoblast,[227–231] and fungal cells,[232–236] such as 

Cryptococcus neoformans,[234, 237–239] Malassezia sympodialis,[235] Saccharomyces 

cerevisiae,[233, 236] and Histoplasma capsulatum.[233] 

     In addition, prokaryotic, Gram-negative, and Gram-positive bacteria also secrete a 

membrane-coated subcellular entity, called bacterial membrane vesicles (MVs).[240, 

242–244, 253] The size of bacterial MVs ranges from 50 to 250 nm in diameter.[245, 246] 

The membrane of MVs consists of two layers: an outer leaflet of lipopolysaccharide (LPS) 

and an inner leaflet of phospholipids.[244] MVs are formed through the ‘bulging and 

pinching off’ of the outer membrane in most Gram-negative bacteria,[240, 244, 253] and 

they serve as vehicles for trafficking bioactive molecules such as proteins, lipids, and 

nucleic acids (including mRNAs and miRNAs).[198, 242–244, 246–250] MVs have been 

shown to be able to fuse with the outer membrane of Gram-negative cells such as 

Salmonella typhi, S. enterica, and Escherichia coli, but not with Gram-positive 

membranes.[245, 251] Although bacterial membrane vesicles were described four 

decades ago,[245, 253] their biological significances was not widely recognized  until 

recent years. Membrane-enclosed vesicles have been shown to have evolutionary 

significance, for instance, in promoting intercellular communication.[198, 252–255] 

Recently, the role of exosomes in immune stimulatory-, inhibitory-, or tolerance-inducing 

functions has been attracting much attention.[212] Therefore, membrane-enclosed 

subcellular vesicles have some similarities in many characteristics with enveloped 

viruses.[193] 

     Indeed, from an evolutionary perspective, the ubiquitous existence of membrane-

coated subcellular vesicles such as MVs and exosomes in prokaryotes and eukaryotes 

strongly suggests that there may be ancestors of these subcellular vesicles, and the origin 

of membrane-coated subcellular vesicles is also unclear. Although membrane-coated 

subcellular vesicles have no place in Darwinians’ tree of cellular life, they may have 

emerged between the Earliest Universal Cellular Ancestors (EUCAs) and the Latest 

Universal Organic Molecular Ancestors (LUOMAs).[100, 101] 
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Evolutionary molecular entities—no place in Darwinians’ universal tree of life 
 

     Thirty years ago, Sidney Altman and Thomas R. Cech published their finding that 

RNA, a polyribonucleotide, can also function as a catalytic enzyme in addition to its 

well-known role as a template for replication and read-out of genetic information.[256, 

257] For this discovery, they were awarded the Nobel Prize in chemistry in 1989. The 

dual functions of RNA have provided new evidence for our further understanding of 

evolution and the root of Darwinians’ tree of life at the molecular level. Additionally, the 

recent discoveries of microRNAs (miRNAs) and prions have completely changed our 

traditional understandings of them in biochemistry and genetics. 

 

 

microRNAs (miRNAs)  
 

 

     In 1993, Lee, Feinbaum, and Ambros published their finding that the small RNAs 

encoded by the Caenorhabditis elegans gene lin-4 displayed regulatory functions,[258] 

which was later believed to be the first time the noncoding RNAs world was opened.[259, 

260] Over the past two decades, it has been recognized that (i) these small RNAs belong 

to a large family of noncoding RNAs (approximately 22-24 nt) known as microRNAs 

(miRNAs); (ii) miRNAs play a role in regulating gene expression by causing targeted 

post-transcriptional gene silencing, which directly influences virtually all biological 

processes and often results in physiological or pathological consequences; (iii) miRNAs 

are found in the intracellular spaces of both prokaryotes and eukaryotes, and in 

extracellular spaces including various body fluids; and (iv) miRNAs are also found in 

subcellular entities such as viruses and membrane-coated vesicles including 

microvesicles and exosomes.[194, 261–275] Moreover, since the first description of viral 

microRNA (miRNAs) by Pfeffer and colleagues in 2004,[262, 276] more than 225 

miRNAs have been discovered in double-stranded DNA viruses, mainly herpesviruses 

and polyomaviruses,[275, 277] which our existing knowledge cannot account for.  

 

 

Protein World 
 

     One of the important discoveries of the 20th century was the finding of prions, which 

not only impacted our understanding of medical etiology, but also modified our 

comprehension of evolution. American Stanley Prusiner first added prions, a kind of 

pathogenic protein “to the list of well-known infectious agents including bacteria, viruses, 

fungi, and parasites.” [278] Since S. Prusiner was awarded the Nobel Prize in Physiology 

or Medicine in 1997, the following newly emerged understandings from the study of 

prions have further challenged the Modern Synthesis: (i) prions are self-replicating 

protein entities. Like RNAs’ ability to act as both templates and catalytic enzymes, prions 

can also act as templates for their own synthesis in addition to their well-known catalytic 

activity.[279–283] Furthermore, prions can mediate protein conformation-based 
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inheritance,[14, 284–293] which has clearly indicated that at the molecular level, 

oligopeptides can also play a role as hereditary information carriers in addition to 

polyribonucleotides such as RNA and DNA; (ii) the switching of a protein from the [psi−] 

state to the prion state [psi+] is environment-driven and results in phenotypic alterations 

that are the consequence of protein folding variations rather than polyribonucleotide-

associated changes;[294–301] and (iii) recently, the notion that prions are nonpathogenic 

has also been proposed.[302, 303] In addition, recently, the evolutionary relationship 

between inorganic metal elements and organic molecules has caught the attention of 

some researchers;[304] for example, Mulkidjanian and Galperin proposed the “Zinc 

World” hypothesis on the role of zinc sulfide (ZnS) in the evolution of organic entities 

such as RNA and protein.[305–307] 

 

 

 

 

 

III. Fertilized oocyte-mediated cytoplasmic heredity and pregnancy-
associated eukaryotic whole cell inheritance 
 

     At the molecular level, modern DNA-centered genetics is no longer recognized as the 

only factor in the hereditary transmission of characters.[14,284,285,287–293,302,308] 

Moreover, at the cellular level, cytoplasmic heredity and whole-cell inheritance are also 

thought to be involved in the transmission of characters from the mother to both male and 

female offspring.[117,136,309–311] Fertilized oocyte-mediated cytoplasmic heredity and 

pregnancy-associated eukaryotic whole-cell inheritance are two phenomena that are 

missed in DNA-centered Mendelian genetics. According to Mendel’s Law of Heredity 

and modern DNA-centered genetics, it has been generally accepted for over a century 

that female and male play an equal role in biological heredity. Recently, six models of 

pregnancy-associated eukaryotic cell transmission between mother and offspring have 

demonstrated their significance in biology and ecology from the fimpological 

perspective.[312,313] 

     Based on the above understanding, a model for female-relayed whole-cell and 

cytoplasmic inheritance further illustrates that eternal embryonic/fetal stem cells and 

maternal oocytoplasm could be transferred to the offspring generation by generation 

along the pregnancy-associated female path. Moreover, both fertilized oocyte-mediated 

cytoplasmic inheritance (FOMCI) and pregnancy-associated whole-cell inheritance 

(PAWCI) are determined by reproductive female offspring, but not by reproductive male 

offspring because their continuity stops at male offspring, indicating that female and male 

actually play an unequal role in biological heredity. [314] Clearly, modern genetics alone 

fails to reveal the real dispersal patterns of FOMCI and PAWCI, and therefore, is not 

enough to reflect the multiple roles the female plays in biological heredity, which is not 

only a deficiency of our understanding on biological heredity, but also a scarcity in the 

Modern Synthesis. 
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Upgrading Evolution Theory to Evolutiology  
 

     Ernst Mayr said: “Our understanding of the world is achieved more effectively by 

conceptual improvements than by the discovery of new facts, even though the two are not 

mutually exclusive.” [315] To date, our entire knowledge and studies on the life sciences 

have focused on three major class questions: (1) questions dealing with the distribution 

and taxonomy, and the bio-functions, reproduction, inheritance, growth, and development 

of extant macro- and micro-biological species have constituted the initial driving power 

for traditional biology and its sub-branches including anatomy, botany, zoology, 

microbiology, genetics, genomics, developmental biology, embryology, physiology, and 

fetology; (2) questions about the relationship and interaction between a given species or 

entity and its relevant environmental species or entities gave birth to ecology in the 19th 

century; and (3) what are the regular patterns or principles for connections between 

extant species and ancient species in geological time scale? And what are the 

mechanisms for speciation, continuity, extinct and diversity of species? These questions 

have resulted in our recognition of evolution, for which, our theoretical exploration and 

decipherment initiated mainly by Lamarck, Darwin and Wallace have been accumulating 

for more than two centuries. The Modern Synthesis, as one of milestones of evolution 

theories in the life sciences in the 20th century, symbolizes the wisdom of many masters 

including Theodosius Dobzhansky, Thomas Hunt Morgan, Herman Muller, Ronald 

Fisher, George Gaylord Simpson, G. Ledyard Stebbins and Ernst Mayr. However, after 

entering the 21st century, the Modern Synthesis is no longer enough to express our latest 

understanding of evolution. From a fimpological view, evolution is happening all the 

time at every evolutionary level. Studying evolution is not only a theoretical exploration, 

but also an experimental research. There is no chasm in the entire evolution process, but 

only temporary gaps in our understanding. Now is the time to upgrade evolution to 

evolutiology. One direction for the future Synthesis should be to integrate with biology, 

ecology, and evolutiology to form a new theoretical system, in which biology, ecology, 

and evolutiology constitute a three-dimensional (3-D) profile to reflect the continuing 

evolutionary process of entities and environments from the past to the present, and then 

to the future.   

 

Concluding Remarks 
       

     Since the fast development of ecology in the 1980s, traditional biology and its 

branches have been revealed to be closely associated with ecology and its branches. 

Moreover, after studying evolution for more than one and half centuries, now is the time 

to upgrade “evolution” to “evolutiology,” around which, some relevant theoretical 

explorations will be elucidated later in other articles. Therefore, the future novel 

theoretical system for the life sciences should cover the content of three major disciplines: 

biology, ecology, and evolutiology, and form a novel theoretical system for the future 

synthesis. 
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[§ This revision of “The Fimpological View: The Future Synthesis of Biology, 

Ecology, and Evolutiology” was finished on January 12, 2023] 
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