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ABSTRACT

In light of illusions of the Modern Synthesis (MS) listed by Noble (2021a), MS's key concept, that gradual
accumulation of gene mutations within microevolution leads to macroevolution, requires reexamination
too. In this article, additional illusions of the MS are identified therein caused by the absence of system
information and correct history. First, the MS lacks distinction among the two basic types of information:
genome-defined system and gene-defined parts-information, as its treatment was based mostly on gene
information. In contrast, it is argued here that system information is maintained by species-specific
karyotype code, and macroevolution is based on the whole genome information package rather than
on specific genes. Linking the origin of species with system information shows that the creation and
accumulation of the latter in evolution is the fundamental question omitted from the MS. Second,
modern evidence eliminates the MS's preferred theory that present evolutionary events can be linearly
extrapolated to the past to reconstruct Life's history, wrongly assuming that most of the fossil record
supports the gradual change while ignoring the true karyotype/genome patterns. Furthermore, stasis, as
the most prominent pattern of the deep history of Life, remains a puzzle to the MS, but can be explained
by the mechanism of karyotype-preservation-via-sex. Consequently, the concept of system-information
is smoothly integrated into the two-phased evolutionary model that paleontology requires (Eldredge and
Gould, 1972). Finally, research on genome-level causation of evolution, which does not fit the MS, is
summarized. The availability of alternative concepts further illustrates that it is time to depart from the
MS.

© 2021 Elsevier Ltd. All rights reserved.

1. Introduction

from MS's upward causality of “DNA brain” controlling every
function of a cell, to a downward hierarchical causality of the

In his recent article, Noble listed the four illusions of the Modern
Synthesis (MS) that have been exposed by the development of
science largely this century, some eighty years after their formu-
lation (Noble, 2021a). They are: Natural Selection, Weissmann
Barrier, Rejection of Darwin Gemmules, and Central Dogma. He
ascribed these illusions to unintended errors of eminent scientists
due to imprecise and misleading use of linguistic terms in inter-
preting evidence and theorizing about evolution. As a physiologist
and a systems' biologist who is thinking deeply about evolution, he
wants readers to change their view of how organisms work, away
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wholeness of the cellular system, his principle of biological rela-
tivity. To uncover MS's illusions, he uses many arguments and
concepts that the careful reader will find in this paper as well.
Noble's perspectives also reflect the general viewpoints pro-
moted by the extended evolutionary synthesis (EES), the move-
ment that was initiated in the 1950s by Wadington (1957),
popularized in the 1980s by Gould and Eldredge (1993), and rec-
onceptualized by Pigliucci (2007) and Muller (2007). Importantly, a
fairly large disagreement seems to exist between MS and EES.
While the EES movement insists the major theoretical themes,
including current evo-devo research, are beyond the boundaries of
the MS, and thus extended synthesis is urgently needed (Muller
2007; Laland et al., 2014), the MS holds that such efforts are un-
necessary and unproductive, as “all is well” in current mainstream
evolutionary studies, and the MS not only can, but has already
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addressed the issues the EES raises.

Nevertheless, many scholars from the Third Way of Evolution
group (see the Third Way of Evolution website, https://www.
thethirdwayofevolution.com), including James Shapiro, Denis No-
ble, Gerd Miiller, Eva Jablonka, Evelyn Fox Keller, Stuart Newman,
Keith Baverstock, John Dupre, John Torday, Michael Joyner, and
others, starting from their favored subjects and viewpoints, have
continuously promoted the twenty-first-century view on the basic
evolutionary concepts. They emphasize more active rather than
passive mechanisms of evolution, criticizing the gene-centric
evolutionary explanations (e.g. selfish gene and junk DNA), illus-
trating the importance of epigenetic and other non-genetic inher-
itance in evolution, and highlighting the impact of diverse ways of
transmission of genetic information (not all of it is vertically
transmitted, and it is not only limited to germline) (Muller 2007;
Pigliucci 2007; Baverstock 2021; Joyner 2015; Joyner and
Prendergast, 2014). Coupled with the understanding of biological
stochasticity, self-organization, and symbiogenesis, many have
pushed the effort even further, asking for the “replacement” rather
than “just the extension” of the MS (Shapiro, 2011; Noble 2013;
Mazur, 2014).

Perhaps it is not quite plain to many, that the past two decades
of post-genomic studies have not only promoted system-based
research, but also fundamentally challenged the core concept of
how biological inheritance works. Even the EES itself is constructed
on a gene by gene information of the MS as its basic postulate, and
natural selection as a general mechanism of accumulation of small
changes (microevolution) which leads to speciation (macroevolu-
tion) over time.

As genes seem to be organized or even controlled by yet un-
foreseen principles beyond genes themselves, the research com-
munity should face the reality that missing heritability and
multiple levels of genomic heterogeneity require system-based
genomic theory. Such new genomic principles should reshape the
evolutionary theory as well, as the current evolutionary concepts
are based on our understanding of heredity (Heng 2009, 2019). One
of Darwin's major contributions was that no one after him thought
that evolution can be based on anything but heredity (cf. Gayon
1998). Similarly, with its postulate that species are the units of
evolution, the MS correctly focused Darwinism on the problem of
heredity in speciation. However, the MS's answer to this problem
has not withstood the test of time and the advances of science
require a new knowledge-based reformulation of the role of he-
redity in evolution. Since we show below that the gene-centrism of
the MS can be called into question, it is worthwhile to consider
some elements to work toward a possible future answer. What is
needed is a paradigm shift in understanding heredity. In other
words, the shift from gene-centric Genetics to genome-mediated
Genomics is required as a basis for an evolutionary theory and
Biology as science.

Here, we aim to question the basic inheritance concept that has
enabled the MS to modernize Darwinism in the twentieth century.
The main achievement of the Modern Synthesis is the addition of
the gene-centric mechanism to Darwin's gradualist view of evo-
lution. Specifically, it was assumed that the power of genes can
explain both micro-and macroevolution via population dynamics.
The MS also holds that individual genes define the phenotypic traits
and that new genome systems (species) are created by accumulated
gene changes (or that new gene content is the key to speciation).
These assumptions seemed reasonable judged by evidence of the
pre-genomic era, but now require revisitation.

Since the contemporary use in evolutionary theorizing of the
basic assumptions of the MS is still widespread, their examination
is needed from the standpoint of genome-based theory. For this
reason, it is worthwhile to join Noble in enumerating MS illusions.
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Further, while it is true that experimental science is “the art of
possible,” this cannot be said for its underlying theories, especially
if alternative theories exist with much better explanatory and
predictive power. The pragmatic limits of the Mendelian and Pop-
ulation Genetics and early Molecular Biology were inappropriately
used in the past as justification for the theoretical omissions. Now,
eighty years later, when the practical limits constraining the MS at
its inception are clearly no longer valid, the research community
should be aware of the omissions in the evolutionary theory. Here
we want to bring up the two important omissions of the MS:
Absence of System Information and the Correct History.

The main illusion is the position that evolutionary theory can
avoid dealing with system information. Modern Genomics made
clear that Crick's Central Dogma and Jacob and Monod's Gene
Regulation Theory insufficiently generalized or under interpreted
information aspects of their evidence, due to the failure to treat
their implications on evolutionary theory. The case is made here
that modern Molecular Biology cannot be fitted within the confines
of the MS anymore in this “information” century. For these reasons,
recently uncovered system information properties of life forms
require thorough theoretical treatment. The second omission of the
correct history by Presentism? of the MS is made obvious not only
by Evolutionary Genomics, but also by modern Paleontology. This is
a serious challenge, since it can be argued that these two disciplines
are the only ones able to provide direct evidence about deep
evolutionary history. Despite the basic assumptions that the fossil
record supports the pattern of gradual and directional changes, and
that many presently observed fossil gaps will ultimately be filled,
the facts point in a different direction. First, the majority of the
fossil record displays a non-gradual pattern, and continuous fossil
sequences are still the exception (Eldredge and Gould, 1972; Mayr
2001, Gould 2002, Jablonski, 2017; Hunt et al., 2015), suggesting
that gradual evolution is not the general rule of evolution. Second,
the fossils that represent the “missing links” between species are
hard to find. If there are as many closely related populations be-
tween pairs of species as MS claimed, such links should be readily
identifiable (Heng 2019). Currently, there are many different ap-
proaches available to correctly collect the facts about organismal
evolution (Box 1). We find that most data, under careful examina-
tion, are at odds with MS predictions. We thus argue that the MS
supposition that Microevolution plus time equals Macroevolution,
besides facts of heredity, can no longer stand for the reason of MS
getting Life's true historical pattern wrong. In this article, these il-
lusions will be briefly examined through the lens of information
flow and its relationship with evolution. In particular, by dis-
tinguishing the mechanisms of macro-and microevolution, the
two-phased evolutionary model will be used to illustrate how
karyotype coding is essential for system information creation,
preservation, modification, and usage (Box 1).

2. Rationale, evidence, and system information-based
framework

2.1. Information

2.1.1. Information and biology

The term information is frequently used in biology, but mostly
without proper understanding. Everyone knows that DNA stores
biological information, and information flows from it via genetic

! rerk@comcast.net

2 “In literary and historical analysis, presentism is the anachronistic introduction
of present-day ideas and perspectives into depictions or interpretations of the past”
(https://en.wikipedia.org/wiki/Presentism_(literary_and_historical_analysis).
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Box 1
Explanations of some concepts and terminology

1. Karyotype code: A newly identified organic code is
defined by the unique order of genes and other regula-
tory or non-coding sequences along and among chro-
mosomes. A common core karyotype and karyotype
code are species-specific. Traditionally, a genetic code is
defined by information flow between DNA and proteins
via tRNA functioning as an adaptor (Barbieri, 2018). In
contrast, karyotype coding needs an extended concept of
code without adaptors, as within the karyotype code,
information flow from a genomic basis to physiological
regulatory networks is likely achieved by emergent
properties, with the involvement of a coding network (Ye
et al., 2019; Heng and Heng 2021; Noble 2021b).

2. System Information: Cell encoded genomic information
is necessary for the completion of a life-cycle of species.
In contrast to the genetic code defined as “Parts Infor-
mation” (how to make protein from information stored
within DNA), the karyotype code defines it as “System
Information” (how to organize the interaction of parts
formed in a network) when the totality of species-specific
code is meant. System information includes a diverse
type of genomic and non-genetic information (e.g. ge-
netic, epigenetic, and physical information), all of which
are coded by different organic codes. Even though
different codes have their own function, they are ulti-
mately coordinated by the genome system. More
importantly, this species-specific information package is
preserved by system inheritance via the karyotype
constraint with the help of sexual reproduction (Heng
2009, 2019; Heng and Heng 2021). Note: “karyotype
code” and the species-specific “system information” can
be treated as equivalents in our discussions, even though
system information can have wider meanings within a
different context.

3. Examples of empirical approaches to study the history of
organismal evolution: First, direct biological observa-
tions: As pointed out by Mayr, “Wherever we look at the
living biota, whether at the level of the higher taxa or
even at that of the species, discontinuities are over-
whelmingly frequent” (Mayr 2001). Second, study the
fossil record: “The discontinuities are even more striking
in the fossil record” (Mayr 2001). Third, evolutionary
genomic analyses: traditionally, karyotype analyses have
demonstrated that the majority of plants and animals
display different karyotypes. The current sequencing
approach has confirmed this karyotype data. Moreover,
the general pattern of whole-genome duplication fol-
lowed by karyotype re-organization is observed in the
majority of animals and plants. Fourth, watching evolu-
tion in action via experimentation: Barbara McClintock's
genetic earthquake experiments with corn and our
Genome Chaos experiments with cancer cells are some
examples (Heng 2019).

code to protein and phenotype. As a result, most studies have
focused on the genetic code from specific genes to specific proteins.
Despite some interesting research that focuses on non-genetic in-
formation and their relationship with genetic regulation (Gatenby
and Frieden, 2017; Frieden and Gatenby, 2019) that also links
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organic codes to evolution (Barbieri 1998, 2003; Lowenstein 1999),
few have made any effort to define bioinformation beyond genes
and especially on the question of how information and evolution
shape each other (Barbieri 2018).

What started as the logical assumption that evolution needs
inheritance, and that the gene is the answer to the needs of the MS,
has turned into a glaring omission in this overwhelmingly impor-
tant “Information Age” in the twenty-first century. Treatment of the
role of system information in Biology is essentially missing from the
MS.? Molecular Biology is directly responsible for a half a century
delay of evolutionary Biology facing up to a basic treatment of in-
formation. Crick with “Central Dogma” (1958, 1970) and Jacob and
Monod with their model of “Gene Regulation” (1961) came to the
accurate, but incomplete conclusions about biological information
implied by their results. The proximal accuracy of their interpre-
tation of how information is stored in DNA, and how information
flows from DNA to protein and phenotype has dominated Molec-
ular Biology and allowed its enormous practical success in the
second half of the last century. The omission of conclusions that
could be drawn from their evidence allowed these pioneers to
consign biological information to the present limbo of irrelevance
for understanding evolution. The MS profited from being accept-
able to a whole generation of Molecular Biologists. Jacob's
“tinkering natural selection” metaphor (Jacob 1977) serves as an
extreme example of unwarranted assignment to the natural se-
lection of the MS of the genially understood Life's system infor-
mation accumulation property. Needless to say, no theoretician
found arguments for a notion that natural selection as an evolu-
tionary force has “tinkering” properties, so the tinkering pattern of
the creation of new system information by partially reusing the old
one has not been the part of the MS, but in some form should be
included in the future information-based theory of evolution. One
can conjecture that these errors of judgment of the early Molecular
Biologists were made due to their unshakable faith in the unlimited
validity of Mendelian Genetics and by extension any and all con-
clusions of the MS based on it. Our essential complaint is that they
accepted the fallacy of Mendelian genetics, that its experimental
results under highly constricted artificial evolutionary conditions,
specifically focusing on the connection of outliers (Heng 2019),
define the limit of what is possible in Evolution. Further, it was
known throughout the twentieth century that Mendelian Genetics
is blind to fixed characters of species and characters differing
among species, due to the impossibility of performing informative
crosses (Amundson 2006), yet it is just these characters that are
essential for the study of Evolution. We argue the evidence shows
this concept of Genetics is obsolete, if the current understanding
that Genetics equals Heredity is to be retained. To mention a few
examples: The problem of missing heritability (Zuk et al., 2012;
Heng 2010), the genes are “fuzzy” (not clearly defined functionally
but endowed with arrays of potential from which appropriate in-
stantiations can be selected by environments) (Heng 2019), and the
wrong assertion, due to the blind spots, that saltational hybrid

3 See, for instance, Mayr's most recent statement on the matter: “The genotype,
the genetic program of every individual, codifies as Max Delbruck had put it, “the
experience of billions of years of ancestors.” Hence, every activity of an organism is
controlled by two sets of causations, functional or proximate ones representing
physicochemical factors, and ultimate or evolutionary causations, reflecting infor-
mation provided by the genetic program” (Mayr 1997). It shows that one should
disregard Mayr's speak of genetic programs and information (started in 1961 as a
nod of the MS to the successes of Molecular Biology), since these terms were
effectively reduced via individual genotype to the fundamental postulate of the MS
that changes in gene frequencies cause evolution (this postulate is the textbook
truism taught at university courses, cf. https://www.ndsu.edu/pubweb/&sim;
mcclean/plsc431/popgen/popgen4.htm, or given in internet definitions, cf. https://
www.nature.com/scitable/definition/speciation-183,/accessed Oct. 2021).
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speciation is genetically impossible, which ignores that it happens
in nature nevertheless (Crkvenjakov and Drmanac 2007).

2.1.2. Coding information

There is an idea in the literature that a new, specific kind of
information emerged at the origin of the first cell, different from
the kinds of information present in nonliving parts of the universe.
This idea has been put forward by experts from fields as disparate
as Physics (Feistel and Ebeling, 2011; 2016), Information Science
(Battail 2014), and Semantic Biology (Barbieri 2003). Information
specific to Biology is called symbolic, or semantic information. It is
the essential basis of the functioning of every living creature that
ever existed, including us. This kind of information is the basis of
human civilization, language, science and computers, but is iden-
tical in its properties as in the simplest of organisms and is brought
into existence by evolution. For instance, Shannon in his Informa-
tion Theory (Shannon, 1948) did not discover universal properties
of communication applicable to the nonliving world as well as to
our human messages. He just uncovered very important aspects of
the specific kind of biological information that enables Evolution.
From the origin of Life, Shannon-type communication must take
place between the genetic material and the rest of the cell for the
latter to be viable.

The semantic/symbolic information carries the “meaning”
aspect of the message in biology as well as human intentionality in
ordinary communication, or computer science. Semantic informa-
tion, or meaning, is always encoded in the material carrier of the
message and does not increase or change if copied to the same or
different adequate carrier. Therefore, due to encoding, codes un-
derlay the essential distinctness of information Life processes.
What Crick failed to realize and theorize about is that genetic code
is not the first nor the only and the ultimate code brought about by
evolution. Barbieri and others have since uncovered numerous
additional codes within and outside DNA sequences (Barbieri 2017;
Lowenstein 1999). One of us has proposed the karyotype code as a
term for genome-specific coding to reflect its species rather than
organismal properties (Heng et al., 2011; Ye et al. 2019; Heng and
Heng 2021a) (Box 1).

Many types of inheritance can be linked to various organic codes
(Heng and Heng 2021a): 1.) information contained in the sequence
of genomic DNA, changeable by all kinds of mutations vertically or
horizontally mediated (e.g. genomic changes mediated by cell to
cell exchanges: Heng et al., 2016, Hamann et al., 2017; Javeed and
Mukhopadhyay 2017; Raghuram et al., 2019, Mills et al., 2019, Ye
et al,, 2019b); 2.) information contained in the processing mecha-
nisms which control and modify transcription and translation (e.g.
liquid phase condensation affecting expression of phenotype:
Hnisz et al., 2017; Shin et al., 2018); 3.) non-genomic information
regulation mechanisms based on cellular structures like mem-
branes (e.g. information dynamics by ion flows: Gatenby and
Frieden 2017), protein complexes, epigenetic mechanisms, etc.;
4.) information mediated by dynamic cellular microenvironment
contextualization in response to perturbation (Kontush et al., 2015;
Sinkler et al., 2017; Wallace 2012; Wallace and Chalkia 2013; Heng
2015); and 5.) information contained in mechanisms responsible
for switching among alternate cellular states or even imposing new
ones, as in various phase transitions within or among cells as in
development, cancer, regeneration, behavior etc. (Heng 2019; Heng
and Heng 2021Db).

2.1.3. Karyotype code

Karyotype code (Box 1) sits at the top of a hierarchical organi-
zation of all other cellular codes, integrating them into a func-
tioning whole whether they have genomic DNA as a direct
component of the material sender (as in the genetic code) or
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receiver of messages. Regarding codes contained in the sequence of
genomic nucleic acids, Molecular Biology at its inception has cho-
sen not to explicitly address the hierarchy of codes obvious from its
results and to accept a reduction to Mendelian genetics as the basic
conceptualization of information contained in these results.
Obvious things of sequence organization, like the order of genes
and various regulatory sequences extending to the fixity of struc-
tures of chromosomes underlying even the simplest mechanism of
“gene regulation” such as lactose operon of E. coli (Jacob and Monod
1961) were ignored for the theoretical simplicity of the MS concept
of a gene by gene control of phenotype. By the turn of the last
century, it was suggested that genomic DNA is not the controller of
the phenotype, but rather a major component of the read and write
memory of the cellular software and hardware, which in turn
control the dynamic phenotypic trajectory of the organism through
its life-cycle (Shapiro 1997; Keller 2000). Maximizing the overlap of
codes during evolutionary history by increasing their overlap/
crowding as much as possible within a given sequence length is a
straightforward way of increasing the information storage effi-
ciency of this “memory” as required by the Shannon's coding the-
orem. For example, chromatin behavior and gene expression are
defined by chromosome structure (Heng et al., 2004), and also
proper expression of any particular gene depends on its correct
placement within TAD (topologically associating domain), which is
necessary for the correct 3D chromosomal looping in the nucleus
(Dixon et al., 2016). A sequence code as important as TAD was
undetectable by advanced Drosophila crosses, still held by some as
a “perfect tool” of Mendelian Genetics to uncover “gene regulation.”
The additional methods required for the task demonstrate that
modern genetics is broader than the Mendelian paradigm, and that
the absence of evidence of the latter cannot be taken as evidence of
the absence of evolutionary important, otherwise indicated, He-
redity phenomena. This should not be taken as arguing that in-
heritance is just DNA coding, but instead that it consists of arrays of
codes of the five kinds mentioned above which are organized and
preserved by karyotype coding.

2.14. Macroevolutionary information

The correct theory has to answer how coding information is, 1.
Created 2. Conserved 3. Modified and 4. Used in evolution in terms
of twenty-first-century Molecular Biology (Heng and Heng 2021a).
Regarding the karyotype coding change by modification of the
sequence of genomic nucleic acids in evolution, views have dras-
tically changed since the heyday of MS eighty years ago. Emphasis
on the importance of undeniable point mutations of individual
genes considered as supportive of Fisherian gradual evolution has
been replaced by evidence of considerable chromosomal set reor-
ganization at the genome system level, comprising a larger extent
of sequence than contained in individual genes. McClintock's pro-
posal of stress-induced genome reorganization (McClintock 1984)
has now been explained and extended by Shapiro's natural genome
engineering mutation theory (Shapiro 1997) making clear that
larger phenotypic changes as seen in macroevolution are more
likely to be brought about by genome-level changes that affect a
plurality of genes. We have shown that the massive reorganization
of the genome is the obligatory step in the evolution of the lethality
of most cancers (Heng et al., 2006; Heng and Heng 2021b). The
evidence of stress-induced karyotype change in somatic cells in
cancer prompts the question of what induces similar order of
magnitude change in chromosomes in speciation (Heng 2019). The
mainstream theory has chosen to ignore pioneers like Goldschmidt
(1940), McClintock (1942), White (1945), and Darlington (1958),
among others, who emphasized the importance of coincidence of
changes of cytological karyotype picture with speciation, while
being otherwise stable in the germline of species member
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organisms in microevolution. Some molecular biologists still fail to
appreciate the importance of karyotype, because they consider
genes as the only information carriers. For them, chromosomes are
just scaffolds erected to hold and allow genes to function. Such
views can not explain why in evolution of cancer the cellular crisis
stage ensues with rapid phase transition to forced drastic karyotype
changes we named Genome chaos (Heng 2007a, 2019; Liu et al.
2014). Our emerging knowledge of karyotype coded 3D chro-
matin organization in the nucleus illustrates that karyotype
changes within species exert phenotypic effects through reorga-
nization of the gene network, which is much more profound than
the disruption or activation of specific gene sequences and shows
how karyotype defines phenotype by controlling the transcrip-
tional landscape (Stevens et al., 2013, 2014). Without seeing that
sex (Heng 2007b; Gorelick and Heng 2011) and germline and soma
separation mechanisms are specifically designed to repair and
preserve the species karyotype unchanged through generations
during the entire species' lifespan, one simply cannot account for
the constancy of chromatin spatial organization of specific cells
among different organisms within species. However, the cellular
differentiation in each of these organisms is accomplished by
species-specific complex deterministic changes of this spatial or-
ganization throughout development from zygote to a complex
neuron or a simple fibroblast cells in adults (Payne et al., 2021, Takei
et al., 2021a; 2021b). In speciation, conversely to its within species
constancy, there is a necessity of thorough reorganization of this
complex karyotype mediated chromatin differentiation dance. This
is accomplished by the karyotype code change visualized by the
cytological detection of the new karyotype.

2.1.5. Creation of macroevolutionary information

Nowadays, genome sequencing results complement the cyto-
logical results to allow the theory of speciation to require novelty
information creation in rapid reorganization of the genomic
sequence above gene level, which we call Genome Chaos (Heng
2007a, 2019; Liu et al., 2014). Genomic evidence is particularly
well suited to uncover the Genome Chaos speciation trigger, con-
sisting of the horizontal introduction of the entire genomic DNA of
a different species into the host nucleus. Rare genome duplications
or genome merging hybridization speciation cases were known
before the genome sequencing era of this century, but the latter
uncovered the abundance of examples in most branches of the tree,
just as well recently as in the deep past. Moreover, stress-induced
rapid genome reorganization via Genome Chaos, a powerful
means for information self-creation, should play an important role
in speciation—enough indeed to consider it a rule rather than an
exception. For instance, the human genome incorporates Nean-
derthal and Denisovan DNA (Green et al., 2010; Reich et al., 2010)
and hybridization speciation is a norm rather than the exception in
such textbook icons of the MS as Darwin finches (Lamichhaney
et al., 2018) and cichlid fish (Meier et al., 2017). In horizontally
induced Genome Chaos speciation, coding information of two
species is not simply added together but must be scrambled into
the functioning whole in a single generation tested by the survival
of progeny. In studying the genome in a new species in generations
following the merger, it is obvious that before entering stability of
stasis, significant portions of partner's DNAs are lost due to natural
selection streamlining of duplicated information. However, the
distinguishing functionality of the new species over its progenitor
in a lineage is the result of a creation of new coding information
that became an integrated part of the species-specific karyotype
code in the first generation. This definite result of Genomics clashes
with the presentism of Mendelian Genetics, which holds that ge-
netic events cannot happen if they are not detected at experi-
mentally or observationally measured frequencies. However, as
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indicated by Genomics, they do. Under normal conditions, there is
an extremely rare chance of the success of macroevolutionary se-
lection. The resulting organism needs to break the karyotype
constraint by forming a new genome, meeting reproductive part-
ners with the same or similar genomes to preserve the new system
information, and surviving among individuals with parental ge-
nomes. Nevertheless, no matter how rare in human terms, the
average rate of formation of macroevolutionary species, estimated
to be on the order of 1-10 events per year in the entire biosphere, is
sufficient to account for all species indicated to have ever existed by
the fossil record (Sepkoski 1998). It should be pointed out that this
speciation rate is probably much higher than that estimation, given
that the vast majority of the newly formed species will go extinct
before they can become long-lasting species with a robust popu-
lation with a high enough chance to be fossilized (Heng 2019).

2.1.6. Maintenance and growth of macroevolutionary information

There are two aspects of the problem of maintenance of infor-
mation contained in the codes created at speciation events. On the
one hand, it can last maximally as long as species exist and then be
extinguished at species extinction. On the other hand, at some
point during its lifetime a species can be a participant in macro-
evolutionary speciation and pass a portion of, or the whole of, its
code vertically to the next species in its higher taxon lineage. In the
latter case, there is a growth of information in the lineage by
accumulation in successive speciations.

Evolutionary stasis can be interpreted to be caused by the
coding information package (karyotype code) formed at macro-
evolutionary speciation being stable during species lifespan, its
coherence protected by the function of sex and/or strong purifying
selection at karyotype level. Polymorphic variants and their pop-
ulations within species are viable as long as they stay within the
karyotype package's coherence limits (as long as the core genome is
dominant in the population). In this case, a species' extinction after
a stasis millions of years long is naturally seen as the result of the
failure of a stable karyotype coding system to provide the fit of
organisms carrying it to the necessarily time-changed external
(mostly biotic) conditions anymore.

Vertical inheritance of coding information in the tree of Life
ensures both partial, or complete maintenance of its speciation
achieved gains and its accumulation in the particular lineage. This
mode of accumulation would be vulnerable to a complete loss with
the extinction of the lineage. However, horizontal inheritance
mechanisms participating in some speciations involving more
distantly related parents ensure the sharing of encoded function-
alities between higher taxon lineages on the tree so that some
hardly achieved informational gains are not lost with inevitable
lineage extinctions. Some coding modules of the most important
functionalities achieved in evolution, like photosynthesis, are
passed among species from different lineages and preserved in
recipients to provide them with a strong survival basis on which to
build their own innovations. The exponential pattern of evolution
lasting four billion years (cf. Benton 2016) shows that while some
extinction losses of coding information were inevitable, like in mass
extinctions, the exponential increase of system information with
time was maintained overall.

2.2. Macroevolution

2.2.1. Presentism

We argue that the MS denies the importance of Macroevolution
in Evolutionary History. This value judgment of the MS is based on
the presentism fallacy, that Microevolution plus time equals
Macroevolution. As mentioned above, Mendelian Genetics is
objectively constrained to study genetic processes occurring within
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given species only. Due to the near impossibility of crossing or-
ganisms from different species in nature, it cannot provide under-
standing about an alternative genetic process that might create
speciation-mediated genetic differences abundantly observed by
Genomics. Not recognizing, or dismissing, this fundamental diffi-
culty, the MS made a virtue out of little more than a leap in faith by
extrapolating the relevance of Population Genetics into the study of
the origin of species and higher taxa. Genomics results have made
this illusion bare for everyone to see. However, in the last century
Paleontology posed the challenge to this extrapolation not on he-
redity grounds, but on the issue of timescale differences between
processes of population and species change (Eldredge and Gould
1972; Mayr 2001; Jablonski 2000, 2017). This challenge, though
refuted for a time, is now shown to have been correct by the Ge-
nomics results mentioned above. Our proposal of species stability
being caused by its karyotype code explains stasis, the main feature
of deep evolutionary history.

We turn to the role of historical facts in understanding Macro-
evolution. Evolution as a science must rely on the evidence of the
deep past to understand real history, evidence of which is presently
contributed only by the biology fields of Paleontology and Geno-
mics. In view of these disciplines, the historical pattern of fossils
and karyotype information are key. From the genomic point of view
of history:

“the DNA record definitely does not support the slow accumulation
of random gradual changes transmitted by restricted patterns of
vertical descent” (Shapiro 2011).

On the contrary, the distinctive karyotype changes (e.g. whole-
genome duplication and translocations) are common historical
events associated with macroevolution (Shapiro and Noble, 2021;
Schubert 2007; Heng 2009; Murat et al., 2017; Simakov et al., 2020).
From the point of view of fossils themselves, even though this issue
has been a well-known challenge ever since Darwin's time, it is
worth pointing out that the advanced analyses by modern pale-
ontological techniques have only increased the questioning of
gradualism. Recent systematic analyses have forcefully illustrated
that in contrast to the general assumptions that fossil record sup-
ports the gradual and directional changes, a large majority of fossils
display non-gradual patterns (Hunt et al., 2015), suggesting that
there is no evidence to support the gradualism as a general pattern
in evolution. Instead, the gaps between fossil species are a general
rule (Heng 2019). Overall, the presently solidifying view of the fossil
record does not support the MS view of evolutionary history.

The events and processes observed by us, humans, in the pre-
sent or immediate past while being informative about Microevo-
lution might be influencing the real evolution actors either
indirectly (non-linearly), or not at all. As an example of a possible
answer about that relation, see the evidence for the existence of
“ephemeral” species alongside the long-lived (over a few million
years, cf. Sepkoski 1998) ones, made visible by the order of
magnitude improvement over the standard paleontological tem-
poral resolution in an exceptional part of the fossil record
(Crampton et al., 2020). In recent years, in a general trend, whole-
genome sequencing of numerous animal and plant species illus-
trates that often the key evolutionary past events like genome
duplications, genome mergers and symbioses are simultaneous
with massive Genome Chaos, to re-organize karyotypes (Schubert
2007, 2021; Heng 2009, 2019; Hoang and Schubert 2017; Murat
et al., 2017; Simakov et al., 2020; Mudd et al., 2020).

2.2.2. Macroevolutionary history of life
Current knowledge confirms Darwin's descent with modifica-
tion principles, best symbolized by his tree of Life metaphor.

Progress in Biophysics and Molecular Biology 169-170 (2022) 3—11

However, Cladistics, a version of Systematics formulated after the
MS, has made it possible to view the tree of Life (its degenerative
branches trimmed off) as a history of additive accumulation of
species-level novelties with time (Eldredge 1989). There is an
approximate proportionality of the number of novelties and num-
ber of branches in successive horizontal time sections of the tree.
Since the number of fossil species in the last 500 million years
increased nearly exponentially with time (Benton 2016), the
number of novelties carried by them must have followed. In other
words, there is a progressive trend in Macroevolution toward
increasing the functional repertoire of Life summed over all of its
branches. Others have termed this now hardly deniable Macro-
evolutionary trend as an increase of complexity. However, despite
Darwin, the MS has criticized notions of progress in evolution. The
progressive novelty kinetics being roughly coincidental with the
history of the planetary expansion of Life is not easily compatible
with theories of non-biotic environmental factors being causative
for the entire Macroevolutionary history, as favored by many fol-
lowers of the MS. We have argued above for use of the basic notion
of System Information in evolutionary discourse instead of the
proxy terms of complexity and novelty.

2.2.3. The mode of macroevolution

Eldridge and Gould’s (1972) theory of punctuated equilibrium
has been initially seen as the most serious challenge to MS. Un-
fortunately, Gould could not identify the mechanism of punctuated
evolution without access to the system information perspective on
macroevolution (creation of new genomes by crisis, and preserva-
tion by sex and environmental constraint), which resulted in his
eventual return to the MS (Gould 2002). The stasis question re-
mains open to this day. Recent estimates suggest the pattern of
morphological change during a species' lifespan in the record is
that over half of all fossil species experience stasis (no change after
their abrupt appearance in the record), one third follow a random
walk pattern of change, while less than one-fifth exhibit the true
MS pattern of gradual change (Hunt et al., 2015, Jablonski, 2017).
Furthermore, based on the pattern of the sudden appearance of
individual higher taxa in the record, it seems that the majority of
the species which are progenitors of these long-living mono-
phyletic species lineages follow a punctuated mode of evolution.

Both stasis and random walk mode on the scale of millions of
years during a species’ duration preclude microevolutionary
change having the ability to constantly surface in and extrapolate to
the macroevolutionary pattern. The MS has not faced up to this fact
and to the problem of what causes the stasis. MS proponents agree
that stasis is due to stabilizing selection but have advanced un-
convincing explanations for various external selective factors,
mainly climactic (Eldredge et al., 2005), since these factors do not
exhibit the required stability necessary for acting on the majority of
species in the record. As mentioned above, we argue for the pos-
sibility that stasis purifying selection is caused by the internal factor
of karyotype code limiting the ability of species members to dras-
tically change their karyotype and eliminate these individuals with
altered genomes, regardless if environmentally or stochastically
induced. The cause of stasis is the genomic constraint imposed in
order to preserve system information. As indicated by the cancer
evolutionary model (Heng and Heng 2021b), the evolution of a
long-lived species in a lineage should be regarded as a two-phased
evolutionary process, displaying a chain of successions between
fast change and enduring constancy (Heng 2009, 2019).

2.2.4. Alternative frameworks to replace the MS

Pointing out the key limitations of the MS is the first and
essential step to establishing a better evolutionary theory, as pro-
posing a new paradigm is crucial to create competitive landscapes
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for the new frameworks to be formulated, grow, and be accepted. In
addition to many concepts proposed by The Third Way evolu-
tionary biologists, we have introduced the Genome Architecture
Theory (GAT). Compared to the MS, the GAT has obvious advantages
in explaining evolutionary facts and observations. First, in evolu-
tionary studies of cancer, the two-phase cancer evolution pattern
was described which suggests the distinctive mechanisms of gene-
mediated microevolution and karyotype-mediated macroevolution
(Heng et al., 2006). This new relationship between cellular micro-
and macro-cellular evolution also questions the role of natural se-
lection in the latter (Heng et al., 2006; Heng 2015, 2019). Second,
the inheritance was classified into gene-mediated “parts inheri-
tance” and karyotype-mediated “system inheritance,” plus non-
genetic inheritance. The system inheritance is maintained by sex-
ual reproduction, as meiotic pairing is a powerful system constraint
functioning to preserve the species specificity of a given genome.
This requires the re-thinking of how inheritance works in the
evolutionary process. Third, all genomic and non-genomic inheri-
tance is fuzzy, and the higher-level inheritance can constrain the
inheritance at lower levels. Fourth, this information concept has
been integrated into the evolutionary process. Specifically, karyo-
type coded system information has been introduced to organize the
function of genes, the parts information, as well as the notion that
evolution is all about information creation, preservation, modifi-
cation, and usage (Heng and Heng 2021a) (Box 1). Starting with
these new realizations, it is appropriate to reexamine many key
assumptions in biology that relied on the correct understanding of
the information underlying biological inheritance. This involves the
recognition of a number of the paramount functions of the genome.
The most important of which are: it serves as a system information
package, is the macroevolutionary selection unit, and has the role of
a key platform in displaying and preserving novelties/emergent
properties (Heng 2019, p 383). By briefly introducing the GAT here,
we hope that other alternative evolutionary theories can be
comparatively discussed as well.

3. Conclusion

The evidence presented above can be divided into two groups.
Genome structure findings are given in the form of evidence about
cytological karyotype, and functional studies of supra-genic fea-
tures of the organization of the genome. Further, comparative re-
sults of complete genome sequencing of different species diverged
at various points of deep time allow conclusions about evolutionary
history. Also, the summary of paleontological evidence is given
about the true actors and pattern of evolution on the relevant re-
cord timescale of the last two billion years. The entirety of both
lines of evidence leads to a single realization. The MS treatment of
Heredity is outdated, as is its evidence base. Instead, the System
Information is proposed as being responsible for hereditary phe-
nomena. It is defined as the totality of materially encoded meaning
available to organisms for their functions. The system information
functions by supplying and organizing different organic codes
including the genetic code in order to direct the making of
phenotype. The primary mechanism of Heredity is the one creating,
modifying, and preserving the system information on Darwin's tree
of Life rather than just passing information from DNA to protein.
Time-dependent expansion of planetary availability of system in-
formation is responsible for the increasing phenotypic richness
(disparity and diversity) of the biosphere. In this view, Macroevo-
lution is concerned with the creation and accumulation of System
coding over the entire evolutionary history, and Microevolution
likely involves the growth of populations and its associated selected
gene frequency changes.

It is important to appreciate the need for new theoretical
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frameworks to explain the new facts produced by the advancement
of scientific fronts, and then to form new concepts which unite
those frameworks into a general theory. The history of the
emerging genome theory, emerging in the last decades of the
previous century and continuing to this day, still awaits review.
However, along with key realizations from others, partially
mentioned here, the eventual list (ordered chronologically) of
contributions might also include: two-phased cancer evolution
(Heng et al., 2006), the genomic definition of species (Crkvenjakov
and Drmanac 1991; Heng 2009, 2019), the function of sex and
karyotype change is the universal feature of speciation (Heng
2007b; Wilkins and Holliday 2009; Gorelick and Heng 2011),
Genome Chaos as an evolved mechanism of system change (Heng
2007a, 2019; Liu et al., 2014), system theory of evolution by pro-
gramming (Crkvenjakov and Drmanac 2007), the genome as an
object in need of decoding (Heng et al., 2011; Heng 2019) and
karyotype coding (Heng 2009; Ye et al., 2019; Heng and Heng
2021a). Taken together, this work finally provides some needed
theoretical basis for the importance of the chromosomes in evo-
lution suggested by some genome pioneers like McClintock, Gold-
schmidt and others in the last century. Recently, an increasing
number of publications have addressed this issue (Shapiro and
Noble, 2021a, 2021b).

By integrating many alternative frameworks, such as the theory
of natural genetic engineering (Shapiro, 1977, 2011), the system and
physiological theory of evolution (Noble, 2013, 2021a,b), non-
genomic theories including the epigenomic theory (Jablonka and
Lamb, 2005), the theory of organic codes including the “life code”
(Barbieri, 1998, Liu, 2020), and the self-organization and
complexity theory (Prigogine and Stengers, 1984); (Kauffman,
1995), a new landscape of evolutionary studies will soon emerge.

In closing, Genomics as a molecular science is the newest
frontier of Molecular Biology, and its results impact the conceptual
whole of its parent. At its inception, Molecular Biology subscribed
to the absolute reliance on Mendelian Genetics and thus to the
presentism of the MS interpretation of Evolution. Recent uncover-
ing of new heredity phenomena by Genomics, beyond the gene
concept of classical Genetics, indicates to us that Molecular Biology
needs its own reconceptualized theory of Evolution, which will
incorporate genome and species levels, entirely missing in MS. The
new theory will show that Molecular Biology, rather than the sci-
ence of gene control of phenotype, was and is a science of role of
coding information in biological systems. Information as such
needs to be finally integrated into the genome-based evolutionary
theory. It is now becoming clear how information flow is shaped by
evolution by identifying the key biological contributions of system
information in the creation and preservation of codes, in contrast to
the majority of current efforts that mainly focus on the usage of
gene-level information and some non-genetic information. Such
new appreciation also provides a strong answer to the claim of
Intelligent Design that mechanisms of the evolutionary theory
cannot sufficiently account for the generation of genetic informa-
tion to prove the reality of evolution. Evolution is true, as shown by
abundant evidence, but its proposed mechanisms need to be
reassessed as science progresses.
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