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ABSTRACT. The present review provides a detailed bibliographic analysis of scientific works, including
little-known ones, by L.V. Zmitrovich, devoted to the processes of biological development and taxonomy
of eukaryotes. As the study of the bibliographic heritage of L.V. Zmitrovich has shown, important issues
of theoretical biology raised in his works were morphogenesis, adaptogenesis, and eukaryote mega-
taxonomy. First of all, by the specificity of affiliation, I.V. Zmitrovich was interested in fungi - osmo-
heterotrophic organisms with a chitinous cell wall, an open growth system, resembling plants and for
a long time attributed to this kingdom. However, consideration of the tendencies of the development of
multicellularity and modular theory expanded the realm of interests of this researcher, being extended
to the evolution of the vegetative body of plant organism, including higher plants with different types
of cells and tissue differentiation. The purpose of this review was to study and acquaint our readers with
the numerous scientific works by I.V. Zmitrovich devoted to the morphogenesis and taxonomy of eukary-
otes of the last thirty years, many of which, in our opinion, were undeservedly lost in the intensifying
flow of scientific and technical information of recent years.
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INTRODUCTION

A multitude of investigations into flora and fauna, car-
ried out in Russia and internationally, are dedicated to elu-
cidating the biological development of living organisms,
both animals and plants. Systematics, in the prevailing view,
represents both the fundamental basis and the crowning
achievement of biology [1]. Systematists, who synthesize
the competencies of ecomorphologists and evolutionary
biologists, assume a critical role as theoretical biologists,
interpreting the planet’s biodiversity in its genesis and pro-
gression.

The study of 1.V. Zmitrovich’s bibliographic corpus has
revealed that his research was significantly concerned with
key theoretical biological concepts such as morphogenesis,
adaptogenesis, and the megasystematics of eukaryotes.
In particular, 1.V. Zmitrovich’s principal area of interest was
focused on fungi - chlorophyll-devoid osmoheterotrophic
organisms with rigid chitinous cell walls and open systems
of growth, which exhibit a resemblance to plants, lea-
ding to their prolonged classification within this kingdom.
Nevertheless, his investigation of trends in the develop-
ment of multicellularity and the modular theory extended
his research scope to include the evolution of the vegeta-
tive body in plant organisms, particularly in higher plants
characterized by various cell types and tissue differen-
tiation (for instance, connective tissue and mechanical tis-
sue) [2]; the structure of higher plants exhibits organiza-
tion into distinct organs, including roots, stems, leaves,
and flowers [3].

Eukaryotes — a heterogeneous assemblage of orga-
nisms encompassing a broad spectrum of plant lineag-
es, gastrulated animals, and fungi - are characterized
by the possession of a structurally defined nucleus and,
in the predominant majority of aerobes, mitochondria of
a-proteobacterial origin. Photosynthetic eukaryotes harbor
plastids derived from endosymbiosis with cyanobacteria or
from secondary endosymbiotic events with other eukary-
otes containing cyaneae-derived plastids [4].

Demonstrating a remarkable heterogeneity in both
structure and function, eukaryotes constitute a propitious
field for the advancement of biology’s theoretical con-
structs. The genesis and evolutionary trajectory of cellular
organelles, the emergence of multicellularity (including its
polyphyletic origins and distinctive traits in different taxa)
and multicellular aberrations (such as cancer biology), the
particularities of histoarchitecture within diverse lineages,
and evolutionary morphology are all issues examined by
specialists who engage with the interdisciplinary field of eu-
karyotic evolutionary biology.

Within the scientific corpus, authors articulate a range
of, and occasionally discordant, definitions associated
with the processes of morphogenesis in broad taxonomic
groups [5-7].

Itis our considered opinion that we should explicate the
ensuing definitions, concepts, and nomenclature, which, in
our estimation, most accurately capture the scientific para-
digms for the study of biological developmental processes
in eukaryotes and which have been implemented through-
out this article’s development.

Morphogenesis refers to the processes that are geneti-
cally determined but carried out through epigenetic inter-
dependencies of cells and their complexes [8]. Thus, mor-

phogenesis represents a dynamically changing process and
is one of the three fundamental aspects of developmental
biology [9].

Adaptogenesis refers to the set of processes involving
the emergence, development, and transformation of mor-
phophysiological changes that provide adaptations during
evolution, aimed at ensuring the survival and reproduc-
tion of organisms in changing environmental conditions
[10, 11].

Ecotypic differentiation is the establishment and re-
production of ecotypes, i. e., groups of organisms whose
constitutional features most fully correspond to the
ecological regime of the habitat they occupy. Ecotypes
can vary in scale, ranging from an individual adapted to
a local habitat to clines occupying a wide distribution
[12,13].

The problem of rank delineation in systematics remains
a subject of debate and unresolved conclusions, even in
light of progress within molecular taxonomy and cladistics.
Our research includes the collaborative development of
methods for rank harmonization in the classification of eu-
karyotes, with the goal of creating a system that offers the
maximum predictive capabilities currently possible.

It is our considered view that this article should ap-
propriately acknowledge Dr. I.V. Zmitrovich, a Doctor of
Biological Sciences and a Leading Research Fellow at the
V.L. Komarov Botanical Institute of the Russian Academy
of Sciences, who reached the age of 50 on June 1, 2023,
and whose professional and personal life, as demonstrated
through our analysis of his scientific output, are inextricably
intertwined.

The corpus of works in which LV. Zmitrovich has been
involved is considerable, with particular emphasis on those
publications that engage with theoretical biology, encom-
passing the theory of morphogenesis, megasystematics, is-
sues of adaptogenesis and speciation, and cancer biology.
Within the register of the mycological systematist com-
munity, his surname is denoted in the abbreviated form of
Zmitr. [14].

Numerous colleagues — both Russian (V.I. Vasilevich,
N.N. Tzvelev, S.P. Arefiev, G.P. Yakovlev) and foreign ones —
highly valued L.V. Zmitrovich as a rare representative of
theoretical biology among cryptogamic botanists. He cor-
responded with E. Parmasto, S.P. Wasser [15], A.G. Savosty-
anov, Z. Pouzar, J. Boidin, T. Cavalier-Smith [16, 17], and
E. Nevo. From 2004 to 2011, at the invitation of S.P. Wasser,
he visited Israel multiple times as a mycologist expert for
a project on cryptogamic flora.

The flux of scholarly output in the domain of theoreti-
cal biology has undergone considerable intensification dur-
ing the preceding decade, which does not invariably enable
current investigators to efficiently and thoroughly examine
and implement the advancements made by scientific collec-
tives and individual researchers.

Consequently, this review aims to explore and intro-
duce our readership to the extensive body of scientific
work by V. Zmitrovich focusing on the processes of mor-
phogenesis and adaptogenesis in eukaryotic organisms,
thereby making a modest contribution to enhancing the
utilization of scientific and technical information among
researchers.
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DISCUSSION

Morphogenesis

L.V. Zmitrovich is the author of several remarkable works
devoted to the study of forms, structures and adaptations
of plant organisms in a discourse that can be conventionally
designated as “plant form philosophy”.

Systematization of morphological phenomena.
I.V. Zmitrovich was the first to propose an “marrowbone”
differentiation of morphological phenomena, identify-
ing such categories as planimorph, tectomorph and stylo-
morph. These three categories help to clearly distinguish
between the types of convergent formations.

Planimorphs are superficial convergent formations in
organisms with fundamentally different body plan.

Tectomorphs are characterized by homogeneity of mor-
phogenetic modules, indicating convergent phenomena
that arise due to common morphogenetic mechanisms.

Stylomorphs, like planimorphs, characterize a superfi-
cial similarity, imposed, however, on a certain “tectomor-
phological basis”. In this aspect, the stylomorph concept
correlates well with the concept of ecotype, but is not tied
to intraspecific polymorphism (as stylomorphs can be in-
terpted ecotypes, species, genera, and even morphotypes
characterizing taxa of a higher rank).

Patterns of morphogenesis. The Earth’s gravitational
field, which encompasses all living and nonliving things,
determines a number of “amazing analogies”. In plant or-
ganisms, this is expressed in the tendency toward a spiral-
conical arrangement of axial structures, which leads to the
formation of a stable superstructure filled to the maximum
with morphogenetic modules, especially noticeable in ter-
restrial forms.

The general pattern of growth, consisting in the regu-
lar filling of space and mutual repulsion of new structures,
leads to dichotomization, observed both in plants and in
budding animals and crystals. This purely geometric pattern
becomes animportant tool for the analysis of planimorpho-
genesis.

In autotrophic plants, the main factor of polarization,
differentiation of the vegetative body and ‘“scattering”
of competing shoot systems is sunlight, while in fungi the
“scattering” of competing mycelia occurs within the nutri-
ent medium. In general, the phenomenon of “scattering”
of self-repeating structures can be formalized as “blowing”
of the “Pythagorean tree” by a “stochastic wind”.

Tectomorphic analysis, proposed by L.V. Zmitrovich, al-
lows us to clearly identify morphogenetic material, which is
not “plasticine from which the environment can mold any-
thing”, but determines the limits of morphogenesis. This
is often ignored in the context of the abstract concept of
“ecomorphs”. For example, despite obvious parallelisms
in the world of algae, the colonization of land was possible
only for green algae with phragmoplast, which emphasizes
the importance of the structural features of the morphoge-
netic material.

Stylomorph is a very indicative object for ecomorphol-
ogy, allowing to analyze the transformation of tectomorph
under the influence of individual ecological factors and
their series.

Three-stage evolution of plant form. L.V. Zmitrovich deve-
loped the concept of three-stage evolution of plant form [18].
In megaevolution of plant form I.V. Zmitrovich proposes to

distinguish three key stages of organization, which he calls
“protophytes”, “cladophytes” and “telophytes”.

1. Protophytes - at this level, primitive self-similar struc-
tures are formed, which are characterized by elementary
(unicellular) organization. The “alienated product” depos-
ited outside (cell wall) predetermines the main line of plant
evolution - the formation of linear (and derivative) cellular
aggregates.

2. Cladophytes are the next level, where aggregation
and integration of structures is observed, providing greater
stability and functionality. Cladomes are morphogenetic
material for the formation of multifilamentous, pseudopa-
renchymatous and parenchymatous plant tissue architec-
ture.

3. Telophytes are the third level, where the process of
integration and differentiation is completed. The telome
(cormus) is a mosaic of “multicladomes”, which at a new
level repeats the behavior of “vegetal” structures (growth,
morphological differentiation, plant type of spatial expan-
sion of shoot systems).

One of the key patterns of plant structure is the regular fill-
ing of space with self-similar structures of various dimensions:

cells — cell colonies — cladomes and their derivatives.

Telomes are the higher form of plant evolution, where
maximum integration and diversity of functions occur.

All three levels are characterized by open growth, which
differs significantly from the closed growth observed in gas-
trulated animals. Open growth ensures constant expansion
and formation of new structures that enhance the interac-
tion of the organism with the environment. Regulation of
the formation of plant organisms varies from non-central-
ized, where individualization becomes rather problematic,
up to quasi-centralized one.

At all levels of evolution, a common trend is observed:
increased integration of modules and their irreversible dif-
ferentiation, which leads to an increase in “ecomorphologi-
cal subjectivity”.

L.V. Zmitrovich in his works offers an integrative ap-
proach to the study of plant forms, arguing that the analy-
sis must be built in accordance with a three-stage scheme.
A clear distinction between the main spheres of morpho-
logical phenomena (planimorphs, tectomorphs and stylo-
morphs) allows for a deeper understanding of the patterns of
evolutionary development and adaptation of plants [18, 19].

“Insolation niche”. Morphogenesis of polypores.
I.V. Zmitrovich also has a special theory of morphogenesis
of the fruiting body of polyporalean tinder fungi (“insola-
tion niche hypothesis”), which he outlined in his doctoral
thesis [20]. It explains well various deviations in the deve-
lopment of fruiting bodies of tinder fungi. This hypothesis
helps to understand how various external factors can influ-
ence the development and morphology of fungi.

According to L.V. Zmitrovich, “insolation niche” is an
area above the substrate, which temperature and humidity
conditions promote apical growth of the fruiting body node
and its transition to radial growth at the boundary of the
optimum zone.

1. At the beginning of the process of development of
the fruiting body, the conditions of the insolation niche pro-
vide an ideal balance of temperature and relative humidity
for the apical growth of the rudiment of the basidiome.



2. As the relative humidity level changes and the nega-
tive impact of ultraviolet radiation increases, the surface hy-
phae begin to stop their active growth. This leads to the for-
mation of protective structures that protect the developing
hyphae and their spores from unfavorable conditions.

3. Under the protection of these structures, unsclerified
hyphae keep their activity to building of spore-protecting
structures. This process serves as an indicator that the aeri-
al mycelium is moving into a “pessimum zone”.

4. Peripheral hyphae that retain the ability to grow con-
tinue to form the basidiome, creating additional cycles of
overbuilding. However, their growth occurs in a direction
approximately perpendicular to the original growth direc-
tion.

The insolation niche hypothesis demonstrates unique
aspects of fungal development and also opens up new ho-
rizons for research in the field of biomorphology and eco-
morphology of these organisms [20] (Fig. 1).

At the same time, according to I.V. Zmitrovich, the ideas
about the influence of the state of the substrate and insola-
tion on the morphogenesis of the basidiomes of polypores
are complementary (Fig. 2).

Monograph by L.V. Zmitrovich “Epimorphology and
tectomorphology of higher fungi”. In his monograph “Epi-
morphology and tectomorphology of higher fungi” [19],
I.V. Zmitrovich summarizes his ideas over morphogenesis
realm. In addition, the work presents a narrative covering
and analyzing the scientific contribution of outstanding
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phytomorphologists of the 20th century, such as E. Corner,
M. Chadefaud, M. Locquin and H. Clemengon. This work not
only recapitulates their achievements, but also dives into
the depth of the generalization of the problems of morpho-
genesis that were developed by these researchers.

E. Corner is a famous phytomorphologist and mycolo-
gist of the 20th century, who is the author of the Clavaria-
hypothesis of the evolution of the fruiting bodies of basidio-
mycetes, a critic of the “new morphology”, and an original
morphologist of palms. His works were distinguished by
their lapidary nature, and their schemes were fundamental-
ly inflexible. Corner’s commitment to the doctrine prevails
over his openness to the new, and in this sense his legacy is
useful rather for its negative experience.

M. Chadefaud is a cryptogamist-encyclopedist, who en-
riched general morphology with ideas about cladomes - ag-
gregates of filaments in which the leading axis with acces-
sory axes (pleuridia) stands out. Initially developed on the
material of red algae-florideae, the concept of the cladome
was later extended by him to fungi, lichens, brown algae, as
well as to the structure of cormophytes.

M. Locquin is a mycologist-encyclopedist, morpholo-
gist, philosopher, who made a variety of contributions to
morphology, known for his elaborated sporoderm classifi-
cation.

H. Clemengon is a leader in descriptive morphology
and plectology of fungi; he is the author of the concept
of blemas, the types of development of various agaricoid
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Fig. 1. Schematic representation of the development of the basidioma (A) and hymenophore (B) of Microporus xanthopus and interpreta-
tion of morphogenesis in light of the concept of an insolation niche [20]

Puc. 1. CxemaTuyeckoe usobpakeHue passutus 6asmguoms (A) u rumeHodpopa (B) Microporus xanthopus u uHTepripetaums mopdoreHe-
3a B CBeTe Npe/ACTaB/IeHuii 06 MHCONALMOHHOI HuLe [20]
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Fig. 2. The main factors influencing the morphogenesis of basidiomes of polyporaceous fungi and epiphenomena of their interaction:
1 - hydrothermal regime, 2 - evaporation intensity, 3 — microclimate, “insolation niche”, 4 - daily fluctuations, 5 - daily heating of
the substrate. Morphogenetic effects: I - initiation of primordia, I - energy of expansion of aerial mycelium, Ill - hygrotropism (+/-),

IV - phototropism (+/-), V - histogenesis [20]

Puc. 2. OcHOBHble (aKTOpbl, BAMUAIOLME HA MOpporeHes 6asnAMOM MO/AMMOPOBLIX rPUGOB M SMUPEHOMEHBI UX B3aUMOAENCTBUA:
1 - FTMAPOTEPMUYECKHUIT PEXKMM, 2 — MHTEHCUBHOCTb UCMAPEHUsl, 3 — MUKPOK/IMMAT, <MHCO/ALMOHHARA HULIA», 4 — CYTOUYHblE KoNe6aHus,
5 - AHeBHOe nporpeBaHue cy6cTpata. MopgoreHeTuueckue adpdekTbi: | — MHULMALMA NPUMOPAKEB, Il — SHEPrus SKCNAHCMU BO3AYLIHOIO
muteaus, Il - rurporponusmb (+/-), IV — pototponusm (+/-), V - ructoreHes [20]

basidiomes are described him in detail. He is especially fa-
mous for his fundamental work “Cytology and plectology
of Hymenomycetes”.

In the Zmitrovich’s narrative, an invisible thread is
traced that connects these four scientists, who generally
did not intersect in their scientific activities. This allows him
to create a new contextual field for discussing current prob-
lems of morphology and morphogenesis and to talk about
a synthesis that opens up new horizons for further research
in the field of ecology, taxonomy and biomorphology [19].

Adaptogenesis

Adaptogenesis is a complex and multifaceted process
that includes the integration of cellular and population ad-
aptations as well as morphological changes that occur as a
result of these processes. The works by F.Z. Meerson and
N.N. lordansky, on which L.V. Zmitrovich relies, represent
an important basis for studying adaptive mechanisms and
their influence on evolutionary changes [21, 22]. Figure 3 in
this context can serve as a clear illustration of Zmitrovich’s
concept.

According to the concept proposed by L.V. Zmitrovich,
the key determinants of adaptogenesis are an unstable
environment and a set of “selection filters”. At the cell
level, selection occurs according to adaptively significant
variants of non-coding DNA, which serve as the basis for
molecular pre-adaptation. At the level of tissue differentia-
tion, histional differentiation plays an important role. His-
tion (a term by G.A. Savostyanov) is a kind of “production
team” - a set of cells with differentiating functions and the

main morphogenetic module at the tissue level of organiza-
tion. Cell responses realized at this level underlie evolution-
ary changes in tissue architecture. At the level of the organ-
ism, differentiation of constitutional types, ecotypes, is of
great adaptive significance. The ecotypic population is the
material for speciation. At the supraspecific level, the sub-
jects of adaptogenesis are morphotypes and body plans.

During development of aforementioned problems and,
in particular, the cell adaptation, I.V. Zmitrovich came up
with an interesting scheme of carcinogenesis as an imbal-
ance of the “adaptive blocks” of the cell, associated with
the unpacking of protozoan “survival programs”, associ-
ated in turn with the activation of the cytoskeleton (pro-
liferation) and heat shock proteins (blocking of apoptotic
pathways) (Fig. 4).
Genecological problems development

I.V. Zmitrovich revived interest in the long-undiscussed
problems of genecology, developed at the beginning of the
20th century by Turesson [24]. A modified manifestation
of a trait that occurs in specific environmental conditions
is defined as an ecophene. This term describes how certain
adaptive characteristics can change depending on the influ-
ence of environmental factors, such as temperature, hu-
midity or other ecological and physiological conditions [24].

An organism that is clearly associated with a specific
environmental situation is called an ecade. An ecade is char-
acterized by a deviation from the norm of individual traits
of an organism that does not affect its constitution, which
complicates the task of identifying them in the natural envi-
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Fig. 3. Factors, levels and morphofunctional results of adaptogenesis according to L.V. Zmitrovich. Arrows reflect cause-and-effect rela-
tionships and mediated blocks, straight lines - the connection of concepts [20]

Puc. 3. ®akTopsl, ypoBHU U MOPPOPYHKLMOHA/NbHBIE UTOTM aganTaluuoreHesa no U.B. 3mutposuuy. CTpe/Iku OTPaXKaloT NPUHUHHO-C/1e-
CTBEHHbIE CBA3M U ONOCPeA0BaHHbIe 6/10KM, NPAMbIE IMHWM — CBA3b MOHATUIA [20]
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Puc. 4. Cxema 6anaHca OCHOBHbIX aAanNTUBHbIX MHTEHLMIT KNE€TKM MHOFOK/IETOYHbIX OPraHM3mMoB (Bblige/eHbl 6e/1biM WpUGTOM Ha YepHOM
¢doHe), 1 Bo3HMKarOLLEro AncHanaHca, NPUBOASALLErO K KaHLeporeHesy [23]

ronment. In practice, ecades are rarely found in pure form,

since they are the result of specific ecological and genetic

interactions.

Organisms exposed to a constant complex of environ-
mental factors form certain constitutional types called eco-
types. These ecotypes are in equilibrium with the ecological
regime of a specific habitat and are the result of adaptation
processes. Ecotypes are characterized by:

e Adaptation to specific conditions: ecotypes become
adapted to certain climatic or ecological environments,
which allows them to successfully survive and reproduce.

e Genetic diversity: it is important to note that within eco-
types, variability in a number of traits can be preserved,
which allows them to remain dynamic and adaptive to
changes in the external environment.

E.N. Sinskaya made a significant contribution to the
study of ecotypic differentiation, defining an ecotype as a
group of populations that have a common origin and are
adapted to specific conditions within a certain climatic re-
gion. These populations are capable of self-reproduction
under conditions of a constant complex of environmental
factors and have similar morphobiological traits, but ac-
ceptable variability in other characteristics [25, 26].

I.V. Zmitrovich emphasizes that the discussion of eco-
types should be based on an understanding of the molecu-
lar mechanisms of adaptatiogenesis. These mechanisms are
associated with the choice of cell lines between prolifera-
tion, differentiation and apoptosis within the framework of
various “cell responses”. He draws an analogy between the
concept of isoreagent in Turesson’s terminology, proposing
to compare the role of ecotype with how isoreagents influ-
ence genetic variability and population adaptation.

Thus, ecotypic differentiation is an important aspect of
adaptatiogenesis. It not only reflects the relationship be-
tween the morphological and ecological characteristics of
organisms, but also opens up new horizons for understand-
ing evolutionary processes. The study of ecotypes and the
molecular mechanisms associated with them helps to cre-
ate a more complete understanding of the adaptive strat-
egy of organisms in a changing environment.

Adaptive changes within the framework of the geneti-
cally determined norm of the organism’s reaction can cre-
ate an illusion that ecotypes are unpromising formations
from the point of view of evolution. Such a view ignores
the importance of the time factor, which plays a key role
in ecotypic differentiation and evolutionary changes within
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populations. The time aspect has two important sides in the

context of adaptations and the formation of ecotypes:

e Constant reproduction of ecotypes in certain habitats
can lead to the fact that ecotypes with specific adap-
tive characteristics will sooner or later displace forms
approaching the “average norm”.

e With reproduction of such a situation in generations,
an accumulation of genetic changes occurs within the
population, including statistically significant “filling”
of certain ecotypes with various mutations [27].

These changes enhance the adaptive advantages of
ecotypes, allowing them to compete more effectively for
resources and survive in specific conditions. The ecotypes
themselves can become the subject of natural selection,
which leads to the fixation of adaptively significant chroma-
tin variants responsible for the regulation of gene expres-
sion [28].

An ecotypic population is a system that, due to the het-
erochronicity of the processes occurring in it, is genetically
heterogeneous, but at the same time retains a certain set
of features in a dynamic state. It is in this dynamic process
that the splitting of isoreagents into ecoelements (consti-
tutional types, genetically fixed to varying degrees) and
ecophenes (genetically unfixed constitutional shifts, the
carriers of which gradually disappear from specific habitats
as ecotypes are fixed and spread, accompanied by genetic
restructuring of the corresponding population) occurs [29].

Closely related to the problem of ecotypic differ-
entiation is the issue of the need to develop a system of
taxonomic designations for adequate, at a specific stage
of knowledge, description and hierarchical organization
of intraspecies polymorphism. The category of subspecies
most accurately corresponds to geographically isolated
macropopulations. The category of variety (varietas) in
taxonomic practice is usually used to designate an ecotype,

and the category of form (forma) is used to designate an
ecophene or an ecada [30]. It should be emphasized that
from a morphological point of view, ecotypes may well
correspond to traditionally understood species due to the
frequently observed break with the abstract average type
of the latter. Usually, the “herbarium species” that were
initially described on the basis of a single specimen turn out
to be ecotypes of polymorphic species. In addition, some
regional ecotypes of fungi, widely represented in their char-
acteristic habitats within the range, were initially described
as separate species (Fig. 5).

The status of such taxa was downgraded to intraspe-
cific relatively recently, after it became possible to assess
the level of divergence by comparatively studying nucleo-
tide sequences in phylogenetically informative regions of
the genome, primarily genes and intergenic spacers of the
rRNA-encoding cluster. For fungi, the most informative lo-
cus at the species level was empirically determined as the
internal transcribed spacers ITS1 and ITS2, located on both
sides of the 5.8S gene (which turned out to be very con-
servative and its nucleotide sequence does not carry any
phylogenetically significant information in closely related
species and intraspecific lineages). At the same time, in ap-
proximately two-thirds of the studied fungi, the intraspe-
cific variability of the ITS1-ITS2 sequences fluctuates within
0-1%, and in approximately three-quarters — within 1-2%[31].

However, as noted by L.V. Zmitrovich, “..It should be
noted that the ‘phylogenetic bush’ corresponding to the
species units-linneons can be very confusing and isolation
barriers are not formed between all series of parallel eco-
types. Sometimes, morphologically sufficiently distinct, but
reproductively not isolated ‘cores’ are recognized within
the linneons, and sometimes divergence is recorded only
by molecular methods. The current consensus of specialists
on both such taxa-linneons and on more splitted units us-
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taxonomy and comparative genomics, provides important material for the theory of speciation and adaptogenesis [20]
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ing various methods is associated with the awareness that
these objects are in a state of reconstruction and the names
used are rather ‘pragmatic units’, unions, the correspon-
dence of which to phylo-species has yet to be revealed”.

Eukaryote megasystematics: theoretical bases and
approaches

Megasystematics represents a part of biological syste-
matics that studies the largest divisions of the organic
world, in particular, eukaryotes. This direction contributed
to the formation of a deeper understanding of the classifi-
cation of eukaryotes using various methods and approach-
es, which determines its relevance and importance in the
biological sciences [32-35].

Historical context and development of megasystematics.
The foundations of megasystematics were laid by many
scientists, including K.S. Merezhkovsky and E. Chatton,
who in the mid-20th century were engaged in the study
of phylogenetic and classification constructions using the
concepts of kingdoms and phyla [36, 37]. During this peri-
od, experimental systems of eukaryotes competed, which
sought to create universal references for their classification
[38,39].

The use of a multi-kingdom system of eukaryotes was
proposed by R. Whittaker, which was a significant step in
understanding the systematics of this level [40].

Methodological approaches of LV. Zmitrovich.
I.V. Zmitrovich joined the discussion of megasystematics at
a time when methods of phylogenetic reconstruction had
already begun to acquire objective foundations thanks to
multilocus and whole-genome comparisons of the primary
DNA structure. However, the rank structure of the mega-
tree of life still remained a subject of subjective assess-
ments, largely determined by the logical foundations of the
“Linnaean hierarchy”.

The co-ordination of different authors regarding the
ranks of taxa is carried out in different ways, depending on:

1. The nature of the taxonomic sample, because the size
and composition of the sample can significantly affect the
possible results of data interpretation.

2. The flexibility of the authors in using insertional taxo-
nomic categories along with the main ones.

I.V. Zmitrovich identifies a methodologically question-
able procedure in cladograms ranking, namely postulating
a direct correspondence between the sequence of the main
dichotomies of the phylogenetic tree and the main catego-
ries of the “Linnaean hierarchy”. This understanding does

REFERENCES

1. Takhtadjan A.L. The science of the diversity of living
nature // Priroda. 1973. No. 6. P. 2-9.

2. Belousov L.V. Scott F. Gilbert — Developmental Bio-
logy, 2010, Sinauer Associates, Inc., Sunderland, MA Ninth
Edition. Russian Journal of Developmental Biology. 2011.
V. 42. P. 349.

3. Mitashov V.l., Vassetzky S.G. L. Wolpert “Principles
of development,” Oxford University Press, 1998. Russian
Journal of Developmental Biology. 2000. V. 31. P. 193-196.
https://doi.org/10.1007/BF02758827

not take into account the complex processes underlying
speciation and the formation of higher taxa. I.V. Zmitro-
vich is of the opinion that speciation and the formation of
higher taxa are a consequence of the elimination of a part
of the spectrum of ecotypic polymorphism, which is gen-
erally random. He suggests correlating the main categories
of the “Linnaean hierarchy” with large phylogenetic radia-
tions that provide a high concentration of nodes within one
“zone” of the phylogenetic tree. A terminal radiation better
corresponds to a taxon of a lower rank, a basal radiation
to a taxon of a higher rank. In the presence of incomplete
samples, it is more justified to “approximate” distant nodes
to the nearest radiation, instead of formally assigning them
equal rank [20, 41].

The first “experimental megasystem” by I.V. Zmitrovich
received some resonance in 2003 [42]. The work postulated
the antiquity of metamonads and euglenozoans (which has
again become mainstream in recent years), the origin of
cryptist and haptic plastids as a result of “tertiary endosym-
biosis” (which is also not excluded today), and also made
the first attempt to lower the rank of some subdivisions of
Metazoa.

CONCLUSION

The list of works in which V. Zmitrovich participated
is extensive, and a special place in it is occupied by works
touching upon issues of theoretical biology (theory of mor-
phogenesis, megasystematics, issues of adaptogenesis
and speciation, cancer biology) (see Appendix for a detailed
list).

In the course of the study, the importance of using the
rank balancing method, effective for the systematics of eu-
karyotes, was established, which was demonstrated in the
studies of I.V. Zmitrovich.

Our collaboration with V. Zmitrovich in the field of
megasystematics of eukaryotes resulted in a number of
publications [43-45]. In @ number of them, the problem of
rank correlation of higher taxa of eukaryotes is raised and
a number of groups in a new rank are formally described.

In our opinion, the materials presented in the review
allow us to acquaint our readers with numerous scientific
works of L.V. Zmitrovich, and make a modest contribution
to the optimization of the work of researchers of the bio-
logical development of eukaryotes with scientific and tech-
nical information.

4. Stearns S.C., Hoekstra R.F. Evolution: An introduc-
tion. Oxford, University Press, 2000.

5. Futuyama D.J. Evolutionary biology. 3d ed. Sunder-
land, Mass., Sinauer, cop. 1998.

6. Hall B.K.  Evolutionary
ology. Springer Science, Business
https://doi.org/10.1007/512052-012-0418-x

developmental  bi-
Media, 2012.

7. Niklas K.J. The evolutionary biology of plants.
University of Chicago Press, 1997.



BIOLOGICAL SCIENCES

8. Raven P.H., Evert R.F., Eichhorn S.E. Biology of
plants. W.H. Freeman, 2005.

9. Bold H.C., Wynne M.J. Introduction to the algae:
structure and reproduction. Prentice-Hall, 1985.

10. Gifford E.M., Foster A.S. Morphology and evolution
of vascular plants. W.H. Freeman, 1989.

11. Hawksworth D.L. A revised classification of all living
organisms. Biological Journal of the Linnean Society, 2012.
V. 105 (4). P. 702-714.

12. Alexopoulos C.J., Mims C.W., Blackwell M. Introduc-
tory mycology. John Wiley and Sons, 1996.

13. Adl S.M. et al. The new higher level classification
of eukaryotes with emphasis on the taxonomy of pro-
tists. Journal of Eukaryotic Microbiology. 2012. V. 59 (5).
P. 429-493. https://doi.org/10.1111/j.1550-7408.2012.00644.X

14. Authors of fungal names. Index Fungorum Partner-
ship. 2025. https://www.indexfungorum.org/authorsoffun-
galnames.htm.

15. Zmitrovich I.V., Bondartseva M.A., Arefyev S.P.,
Perelygin V.V. Professor Solomon P. Wasser and Me-
dicinal Mushroom Science, with special attention to the
problems of mycotherapy in oncology. International
Journal of Medicinal Mushrooms. 2022. V. 24 (1). P. 13-26.
https://doi.org/10.1615/IntJMedMushrooms.2021041831

16. Zmitrovich L.V, Perelygin V.V., Zharikov M.V. On the
8oth anniversary of the birth of Professor Thomas Cava-
lier-Smith (1942-2021). Pharmacy Formulas. 2022. V. 4 (4).
P. 86—96. (in Russ.). https://doi.org/10.17816/phf321799

17. Zmitrovich L.V, Perelygin V.V., Zharikov M.V. The last
system of Cavalier-Smith. Pharmacy Formulas. 2024. V. 6 (2).
P. 68-77 (in Russ.). https://doi.org/10.17816/phf633981

18. Zmitrovich L.V. Plant epiphenomena and their eco-
morphological essence. Bulletin of ecology, forestry and
landscape science. 2006. Issue 7. P. 3—29 (in Russ.).

19. Zmitrovich L.V. Epimorphology and tectomorpho-
logy of higher fungi. Folia Cryptogamica Petropolitana.
2010. No. 5. 272 p. (in Russ.).

20. Zmitrovich I.V. Phylogenesis and adaptaciogen-
esis of polyporaceous fungi (family Polyporaceae s.str.).
Diss. ... Doctor of Biological Sciences. SPb.: BIN RAS, 2017.364 p.

21. Meerson F.Z. General mechanism of adaptation and
prevention. Moscow: Medicine, 1973. 360 p.

22. lordansky N.N. Some problems of evolutionary
adaptogenesis. Journal of General Biology. 2009. V. 70,
No. 5. P. 372-382 (in Russ.).

23. Zmitrovich L.V., Arefyev S.P., Bondartseva M.A.,
Wasser S.P. Professor Shu-Ting Chang, cancer myco-
therapy and Le Chatelier principle. International Journal
of Medicinal Mushrooms. 2020. V. 22, No. 9. P. 835-844.
https://doi.org/ 10.1615/IntJMedMushrooms.2020035862

24. Turesson G. Genecological units and their classifica-
tory value. Svensk Bot. Tidskr. 1930. H. 24. P. 511-545.

25. Sinskaya E.N. Species dynamics. M.; L., Selkhozgiz,
1948. 526 p. (in Russ.).

26.Sinskaya E.N. The doctrine of species and taxa
(lecture notes). L.: VIR, 1961. 46 p. (in Russ.).

27. Schwartz S.S. Ecological patterns of evolution.
Moscow: Nauka, 1980. 277 p. (in Russ.).

28. Trifonov E.N. Tuning function of tandemly repeating
sequences: a molecular device for fast adaptation. In: Was-
ser S.P. (ed.) Evolutionary theory and processes: Modern
Horizons. Dordrecht, Boston, L.: Kluwer Academic Publish-
ers, 2004. P. 115-138.

29. Zmitrovich L.V., Spirin V.A. Ecological aspects of
speciation in higher fungi. Bulletin of ecology, forestry and
landscape science. 2005. Issue 6. P. 46-68 (in Russ.).

30.Zmitrovich I.V. Noteworthy polypores of Push-
kin city near the Saint Petersburg (Russia), the reserve of
old-growth trees. 1. Trametes suaveolens. Agriculture and
Forestry. Podgorica. 2016. V. 62, issue 2. P. 81-90.

31. Nilsson R. H., Kristiansson E., Ryberg M., Hallen-
berg N., Larsson K. — H. Intraspecific ITS variability in the
kingdom Fungi as expressed in the international sequence
databases and its implications for molecular species identifi-
cation. Evolutionary Bioinformatics. 2008. Vol. 4. P. 193-201.

32. Kusakin O.G., Drozdov A.L., eds. Phylem of the or-
ganic beings. Part 1. Prolegomena to the construction of the
phylem. Saint Petersburg: Nauka, 1994. 282 p. (in Russ.).

33. Kusakin O.G., Drozdov A.L., eds. Phylem of the or-
ganic beings. Part 2: Prokaryota, Eukaryota: Microsporo-
biontes, Archemonadobiontes, Euglenobiontes, Myxo-
biontes, Rhodobiontes, Alveolates, Heterokontes. Saint
Petersburg: Nauka, 1997. 381 p. (in Russ.).

34. Cavalier-Smith T. Amoeboflagellates and mito-
chondrial cristae in eukaryote evolution: megasystematics
of the new protozoan subkingdoms eozoa and neozoa.
Archiv fur Protistenkunde. 1997. V. 147(3-4). P. 237-258.
https://doi.org/10.1016/S0003-9365(97)80051-6

35. Drozdov A.L. Principle of conservatism of cellular
structures as the basis for construction of the multiking-
dom system of the organic word. In: Abdurakhmonov LY.,
ed. Phylogenetics. London: IntechOpen, 2017. 120 p.
https://doi.org/ 10.5772/intechopen.68562

36. Merezhkovsky K.S. Outline course of general bota-
ny. Part 1. Kazan, 1910. 170 p.)in Russ.).

37. Chatton E. Pansporella perplexa, amoebien a spores
protégées parasite des Daphnies. Réflexions sur la biologie
et la phylogenie des Protozoaires. Annales des sciences na-
turelles, series Zoologie. 1925. V. 8(1-2). P. 5-86.

38. Protozoology / ed. Hall R.P. New York: Prentice-Hall;
1953. 682 p.



39. Les végétaux non vasculaires (Cryptogamie). Vol. 1/
ed. Chadefaud M. Paris: Masson; 1960. 1018 p.

40.Whittaker R.H. New concept of kingdoms of organ-
isms. Science. 1969. V. 163. P. 150-160.

41. Zmitrovich L.V., Perelygin V.V., Zharikov M.V. Super-
groups of eukaryotes through a biotechnologist’s look. The
system of eukaryotes and the need to create a taxonom-
ic/biotechnological interface. Pharmacy Formulas. 2022.
Vol. 3. No. 4. P. 52-65. https://doi.org/10.17816/phf101311
(in Russ.).

42. Zmitrovich L.V. Arevised eukaryote tree: the case for

a euglenozoan root. International Journal on Algae. 2003.
V.5, No. 2. P.1-38.

INFORMATION ABOUT THE AUTHORS

Vladimir V. Perelygin — Doctor of Medical Sciences, Professor, Head of the Industrial Ecology Department, Saint Peters-

43.Zmitrovich L.V., PerelyginV.V., Zharikov M.V. No-
menclature and rank correlation of higher taxa of eukary-
otes: monograph. Moscow: INFRA-M, 2022. 183 p. (Folia
Cryptogamica Petropolitana, No. 8).

44.Zmitrovich L.V., PerelyginV.V.,, Zharikov M.V. The
eukaryotic system in the third update of the “Eukary-
otic supergroups: Taxonomy/Biotechnology interface”
(2024). Pharmacy Formulas. 2024. V. 6. No. 3. P. 48-54.
https://doi.org/10.17816/phf639995 (in Russ.).

45. Zmitrovich L.V, Perelygin V.V., Zharikov M.V. The euka-
ryotic system in the third update of the interface “Eukaryotic
supergroups: Taxonomy/Biotechnology interface”: Formal
procedures for rank changes. Pharmacy Formulas. 2024. V. 6.
No. 4. P. 58-75. https://doi.org/10.17816/phf643080

burg State Chemical and Pharmaceutical University; Editor-in-Chief, Publishing House Northwestern Institute of Biomedical
Problems and Environmental Protection, Saint Petersburg, Russia, vladimir.pereligin@pharminnotech.com

Mikhail V. Zharikov - Senior Laboratory Assistant at the Department of Industrial Ecology, Saint Petersburg State Chemical
and Pharmaceutical University, Saint Petersburg, Russia, zharikov.mihail@pharminnotech.com

The authors declare no conflicts of interests.

The article was submitted January 22, 2025; approved after reviewing February 20, 2025;
accepted for publication March 30, 2025.
The article can be used under the CC BY-NC-ND 4.0 license © Eco-Vector, 2025



BUOJTIOTMYECKME HAYKK

dopmynbl @apmaumun. 2025.T.7,N2 1.C. 56-84

BUONOMMYECKUE HAYKU
0630pHas cTaTbs
YOK 573.22;579.8.06(075.4)

0630p U oLeHKa 3HAYUMMOCTMU HaYUYHbIX TPYAOB
U.B. 3SMnTpoBUUa, NOCBALLEHHbIX Npoueccam
6MonorMyecKkoro pasBMTmMa U CUCTeMaTuke
3YKapuoT

B. B. Mepenbirnu?, M. B. XKapukos?

1CaHKT-MeTepbyprckmii rocysapCTBEHHbI XMMUKO-hapMaLLeBTUYECKUA YHUBEPCUTET MUHUCTEPCTBA
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AHHOTALMA. B HacTosilweM 0630pe npencraBneH pa3BepHyTbid 6Mbanorpaduyeckmnii aHanms Hay4HbIX
paboT, B TOM 4YMcne Manom3BeCTHbIX, N.B. 3MUTpOBMYA, NOCBALLEHHbIX NpoLeccaM BUONOrM4YecKoro pas-
BUTUS M CUCTEMaTUKe dyKapuoT. Kak nokasano msydyeHume bubnmorpaduveckoro Hacnegma U.B. 3mMutpo-
BMYA, BaXKHbIMW BOMPOCaMM TeOpeTYeckorn 61Monorum, nogHMMaeMbiMu1 B ero pabotax 6bi1m MopdoreHes,
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MHTepecoBanu rpubbl — 6ecxnopodunibHble oCcMoreTepoTpodHbIe OpraHM3Mbl C TBEPOON XUTUHOBOM
KJIETOYHOW CTEHKOM OTKPbITOM CUCTEMOM POCTa, HANMOMUHAKLWMeE PacTeEHNA U 00JIr0e BpeMs OTHOCUMbIe
K 3TOMy uapctBy. OQHaKo pacCMOTpeHMe TeHAEHUMN Pa3BUTUSA MHOTOKIETOYHOCTU MU MOAY/IbHOM Teopuu
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TUBHOIO Tena pacTUTENbHbIX OPraHM3MOB, BK/OYAs BbiCLME pAaCTEHUS, UMEKOLWLME pa3Hblie TUMbl KIeToK
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MHpOopMaummn.
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