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INTRODUCTION characteristics (Yurtchenko & Zakharov 2007). 

Corresponding term was introduced by Richard Owen, 

An issue on possible homology between sexual and who for the first time contradistinguished precisely the 
some somatic cells of multicellular organism, playing notions of homology and analogy, defining the former 
principal role in implementation of reproductive and as likeness of the structure, and the second one as the 
morphogenous processes, occurred to be challenging similarity of functions (Radl 1909, Beklemishev 1994).
due to the progress of developmental biology reached in 

In the evolutionary biology the homology is usually last decades.
understood as a similarity of features conditioned by Homology (Ancient Greek ὅμοιος – alike, similar ; 
their bearers' origin from the common ancestor. Such λογος – word, law) – the notion, used in biology for 
historical definition of homology is used in the majority description of any kind of similarity between organs, 
of post-Darwin works since K. Gegenbaur (1898).attributes, genes, genomes and other biological 
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ABSTRACT

Reasoning from the putative commonness of evolutionary origin of morphogenetic developmental program 
intrinsic for sexual and certain somatic cells of plant organism the challenging issue is disputed on possible 
homology between these cell types. Performed during several years elaboration of main stem cell 
properties allowed considering the problem of integrity of morphogenous and reproductive processes at all 
stages of life cycle. The role of stem cells upon the switching over different morphogenetic developmental 
programs is revealed, which is underlain by two unique plant cell properties, the totipotency and stemness, 
causing the continuity of morphogenesis and polyvariancy of modes, forms of reproduction and 
morphogenesis pathways. The statement is expressed on the possibility of homologation of some stem and 
somatic cells with egg cell, “fertilized egg cell” and zygote. Such homologation is immediately related with 
functioning of the zygote as the initial cell of sexual embryo, taking into account that some stem and 
totipotent somatic cells can get the function of initial cells of embryoids in vivo and in vitro. Probably, it is 
possible to tell about the homology of initial cells in various systems of reproduction. The non-traditional 
notions are proposed on possibility to consider the zygote of higher plants as the homologue of somatic and 
stem cell. The zygote is the stem cell of the first order and gives rise in ontogenesis to all stem cells of 
subsequent orders. The all aforementioned contradicts to prevailed for long decades opinion on existence of 
the gap between somatic and stem cells, asexual and sexual reproduction.

Keywords:  homology, morphogenetic developmental programs, totipotency, stemness, initial cells, zygote, 
embryoidogeny.



In the middle of XX century A. Remane had stability.  Evolution “... proceeds mainly by the way of 

proposed a number of homology criteria, the three main maximal usage and conservation of historically 

of which could be emphasized: position – homology is developed at its early stages structural and functional 

probable, if the structure appears constantly in the same properties, constructions, processes, morphogenetic 

position toward the other ones; especial quality – mechanisms at the expense of variation in forms of their 

presence of many common characteristics in structures; manifestations within the stable norm and minor 

continuity – existence of range of transitional forms deviations …”. The manifestation of such dynamical 

between structures (Remane 1952, 1955, Gilyarov 1964, stability is, particularly, the canalization of de novo 

Yurtchenko & Zakharov 2007). formation in onto- and phylogenesis with certain 

restrictions and limitations (Vorobyova 1987), resulting 
It is worth to be noted, that usage of these criteria 

particularly in frequent occurrence of homologues in 
relating to plant organisms has the peculiarities and 

evolution, especially at cellular and tissue levels.
limitations due to the modular character of organization 

or the latter. In view of the fact, that the higher plants are From viewpoint of developmental biology the 

characterized by the continuous growth and addition of homology can be defined as commonness of ontogenetic 

the new modules during entire ontogenesis, the position mechanisms, which sustain the stable repetition of 

of their structures is less definite as compared with homologues formation in individual development of 

unitary organisms. Due to this reason, particularly, the each generation (Love 2007).

criterion of position is less valuable for plants as 
Among the variety of attempts to give definition of 

compared with animals, and its engaging requires 
homology it is worth to mention also the conception of 

temporal fixation of the structure and using greater 
informational homology, and first of all the opinion that 

number of characteristics; the criterion of especial 
the homologies are non-stochastic similarities of 

quality is applicable only to the most integral structures 
complicated structures based on common genetic 

(Shafranova 1993, Timonin 2006, Notov 2007).
information (Osche 1982). Such definition does not 

Due to the progress of the biology in explanation of contradict essentially to aforementioned conception of 

molecular developmental mechanisms (Evo-Devo) the biological homology, just emphasizing the genetic 

interest to the notion of homology was resumed from the background of regulatory mechanisms invoked by the 

new perspective (Homology 1999). According to the latter.

modern conception of biological homology, the 
Even P. Owen, talking about homology as a 

structures are homologous if they have the common 
similarity of organs in all their various forms and 

spectrum of limitations imposed on development of a 
functions in different species, noted that such similarity 

feature, and their existence conditioned by locally 
could be applied also to various parts of the same 

active, self-regulated mechanisms of differentiation 
organism, for example to metameric structures. In this 

(Wagner 1989). Homology of structures can take place 
case one is dealing with the serial homology or 

not due to their inheriting from common ancestor, but to 
homodinamy (Shmalhausen 1947).

be a result of expression of regulative morphogenesis 
It is worth to note, that initial Owen's understanding general rules (Gilyarov 1964).

of homology appealed to morphological likeness of 
Such notion on homology interfaces basically with 

organs or structures regardless their form and function 
the problem of stability of structural organization of 

(Owen 1843, 1848). However, as M.S. Gilyarov notes 
organisms in phylogenesis. As E.I. Vorobyova (1989) 

(1964), «... not only structures can be homologized, but 
notes, “... the organisms, while transforming in course of 

sometimes the complicated functions also can, as well as 
evolution, show the obvious tendency toward sustaining 

… forms of behaviour do».
of basics of structural organization ...”, which is 

Such approach gain widespread in molecular and expressed at different levels, at that the indigenously 
developmental biology. However, it faces some archaic levels (from molecular to tissue) are 
difficulties, considered in details by Love (2007). characterized by wider scope of manifestation of such 
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Homologous structures are the same because of descent ütoti- or pluripotency, i.e., the capacity for

from common ancestor, regardless of what functions  formation of not only different tissue and organ 

they involved in, whereas analogous ones are similar by types but a new individual as well, by various 

virtue of natural selection favouring similar functional morphogenesis pathways (embryo-, embryoido-, 

outcomes regardless of presence of common ancestor. gemmorhizogenesis);

This makes a trouble to use similarity of functions as 
üself-maintenance, i.e. creation of cell pool 

criterion of structures homology. Such contradiction can 
generally owing to symmetrical divisions and the 

be cancelled by considering the homology of the 
system of intercellular interactions;

functions proper, not the structures, using as the criterion 
üthe capacity of proliferation and formation of cells-of such homology the similarity of organization of 

predecessors of different tissue types (“niche”) functions in space and time (Love 2007).
owing to asymmetrical divisions under the definite 

The homologation can be performed at various 
signals;

suborganismic levels of organization: cellular, tissue and 
üpulsatory and multistage character of the organ. At that, the comparison must be done within the 

formation in tissue or organ;single hierarchical level (Gilyarov 1964).

ücapacity to switch over the developmental program Such issues as homologation of various groups of 
that is provided by various molecular-genetic cells and tissues in ontogenesis of plant organism attract 
mechanisms (Batygina 2005, 2007a,b,c, 2010a, long-standing interest. For example, they drew attention 
2011a, 2014; Batygina et al. 2004, Batygina & upon the considering of monocotyledony origin in view 
Rudskiy 2006, Batygina & Vinogradova 2007).of necessity to homologize the cotyledon and leaf at 

cellular level. For this purpose the earliest embryo stages As it was repeatedly stated before, the arsenal of the 
th sthad been studied starting from the zygote (Batygina et data received in the 20 -21  centuries on developmental 

al. 1978, Batygina 2010b, 2011a). biology including stem cells biology has allowed 

proposing to consider different types of somatic cells Talking about homology between various cell types 
taking into account their localization and function in the within the single organism, it is likely to be necessary to 
organism, and possibility of homologation of some of reason from the putative commonness of evolutionary 
them with the egg cell, fertilized egg cell and zygote as origin of morphogenetic developmental program 
one of the main perspective trends in the study of stem intrinsic for each of these cell types and defining their 
cells in life cycle of plants (Batygina 2010a, 2011a).morphogenic potencies.

It is necessary to enlarge upon the point the During many decades the point of view existed that 
elucidated by recent investigations role of stem cells in there is a gap between sexual and somatic cells and 
switching over the various morphogenetic consequently between asexual, or vegetative (in case of 
developmental programs in plants, for example from plants) propagation (without meiosis and fertilization) 
sexual mode of reproduction to asexual one (Batygina where somatic cells in general occur to be the structural 
2010b, 2011b; Batygina & Vinogradova 2007, unit, and sexual one (with meiosis and fertilization) 
Vinogradova 2013). The two main unique properties of (Batygina 2010a, 2011a). However, the important 
the stem cell, the totipotency and stemness, underlie the discovery of general biological importance, heralded the 

th universal phenomenon of multistage, and, possibly, 20  century, the stem cells and disclosure of questions 
repetitive transformation of developmental program in related with their role in organism development had 
life cycle. These properties condition the continuity of made sufficient adjustments in such opinion.
morphogenesis and multivariancy of modes (sexual, 

In recent works the main properties of stem cells 
asexual, apomixis) and forms (viviparity) of 

were elaborated, which demonstrated the integrity of 
reproduction, as well as morphogenesis pathways by 

morphogenous and reproductive processes at all stages 
virtue of which the formation of new individual occurs 

of plant life cycle :
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(embryogenesis, embryoidogenesis, gemmorhiz that every plant cell is able to be in different morpho-

ogenesis and callusogenesis) (Batygina 1994, 1999, physiological states. The characteristics of one of them, 

2011a, 2013, Batygina & Babro 2012). particularly, mostly correspond to the properties of stem 

cell; the others correspond to actively dividing 
In this connection the especial attention must be paid 

meristematic cell. The transitions between these states 
to structure and functioning of somatic and stem cells. In 

are stochastic and in most cases histogenesis and 
this aspect the somatic cell can be considered as a 

organogenesis are connected with the loss of so called 
cornerstone in plant morphogenesis, ontogenesis, 

stemness, but any other transitions are also possible (Fig. 
evolution and reproduction. The diversity of 

1a & b) (Barlow 1997, Batygina & Rudskiy 2006, 
morphogenetic processes in plants consists of two 

Batygina 2014).
components: potentially infinite activity of somatic 

cells, being in differentiated state, and loss of stemness – It is worth to make especial emphasis on the 
senescence and apoptosis. The plasticity and zygote of higher plants, the first stem cell of a new 
polyvariety of these processes are conditioned by the sporophyte. Experimental data on study of 
diversity of the morphogenesis and origin of vegetative embryoidogeny phenomenon and stem cells 
and generative structures in which the peculiar reserve of confirm that the zygote may be treated as a 
cells, possessing the stemness property, is situated. In homologue of somatic and stem cell (Gamborg et 
plant morphogenetic processes also the third al. 1968, Reinert & Bajaj 1977, Batygina 1978 
component is present, the restoring of stemness in many 2010a, 2011a, 2014, Batygina et al. 2004, Batygina 
respects depending on stemness degree. & Rudskiy 2006, Barlow 1997). This, allowed 

expressing formerly the non-traditional conception, 
While performing the functional homologation of staccording to which the zygote is the stem cell of 1  

sexual cells and zygote in plants with stem cells and 
order and gives a rise for all other stem cells of the 

some totipotent somatic cells, it is necessary to consider 

Fig. 1а – Scheme of transitions of plant cell morpho-physiological states. Probability of transition from 
younger to older state, p, and from older to younger one, q, is under physiological and genetic control. 
Normal pathway of development is defined by higher value of probability of transition р1–р3; SC – stem cell, 
MrC – meristematic cell, NGC – non-meristematic growing cell, MtC – mature cell (non-meristematic, non-
growing) (Barlow 1997); Fig.1b – transitions considering the irreversible changes (apoptosis) (Rudskiy 
orig. data).
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next orders in plant ontogenesis, particularly those Such homologation is related directly with 
of shoot and root apices (Batygina 2010a, 2011a). functioning of the zygote as initial cell of sexual 
Because the first division of zygote, unlike the stem embryo, taking into account that some stem and 
cells of subsequent orders, is asymmetrical as a rule, totipotent somatic cells can get the function of initial 
some investigators prefer considering it as cells of embryoids (somatic embryos) of various 
“approximate stem cell” (Barlow 1997). However, origins in natural conditions, as well as in in vitro 
the thing that can serve as dramatic confirmation of culture. Not only the zygote, but also the somatic 
the homology between zygote and stem cells is the cell is able to be initial and first stem cell of a plant.
phenomenon of “monozygotic twins” in plants and The similarity of initial cells of embryoids upon 
animals, demonstrating the ability of zygote for 

different forms of embryoidogeny with the zygote, 
realization of one of the main stem cell properties, which is the initial of sexual embryo, can be noted on 
the self-maintenance by mean of symmetrical multiple examples. The peculiar example of such 
divisions (Batygina & Osadtchiy 2013). Recently 

kind is the formation of embryoid initial from highly 
our conception was also supported with methods of vacuolated microspore upon the androcliny in wheat 
molecular biology: “... conception on stem cells in (Batygina 2014). The ability of microspore at this 
plants must be essentially expanded, and all cells 

stage for switching over the developmental program 
able to form zygotic and somatic embryos must be 

is defined by the peculiarities of structural 
considered as stem ones, and particularly the organization of this cell, first of all by its brightly 
zygote does ...” (Albert & Ezhova 2013).

manifested polarity: presence of large vacuole from 
Probably, one should tell about the absence of side of the pore (operculum), and the nucleus 

a gap between sexual, stem and somatic cells, and located strictly opposite towards this pore. It is 
about the possibility of homologation of some stem structurally similar by this characteristic with egg 
and somatic cells with egg cell, «fertilized egg cell» cell of the majority of flowering plants. It probably 
and zygote (Batygina et al. 2004, Batygina 2010a, allows telling about homology of initial cells in 
2011a, b). various systems of reproduction in natural 

conditions and in in vitro culture (Fig. 2).

Fig. 2. Development of sexual embryo (a), embryoid upon the endogenous formation in callus culture (b) 
and upon the androcliny (c) in Triticum aestivum; the zygote, cell of callus and highly vacuolated 
microspore serve as the initials respectively (Batygina 2010b, with changes).
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Data demonstrating possible homology of characteristic for stem cells in both plants and 
sexual and stem cells are known for representatives animals (Isaeva & Batygina 2010). Unfortunately, 
of both plant and animal kingdoms. Thus, there are there are no known universal genetic or epigenetic 
suggestions for a number of animal organisms that markers for plant and animal stem cells until now 
the stem cells with properties quite similar with that (Batygina 2014).
of zygote serve as a source of asexual propagation 

Generality of evolutionary conservative traits of 
and regeneration (Frank et al. 2009, Isaeva 2010). 

stem and a number of somatic cells with cells of 
During the last time the ideas got the support on 

germ line, probably, is a manifestation of general ontogenetic and evolutionary similarity of 
biological regularity, namely the aforementioned totipotent stem cells and cells of germ line in 
stability of structural and functional organization in animals propagating asexually (Weissman 2000, 
ontogenesis, which caused the common spectrum Extavour & Akam 2003, Travis 2007, Isaeva et al. 
of limitations upon formation of these traits in 2009, Isaeva 2010). According to some data, the 
evolution, i.e. it is possible to tell about biological stem cells taking the path of blastogenesis (somatic 
homology of morpho-functional organization of embryogenesis)  acquire the appearance 
these types of cells.characteristic for primary sexual cells in the very 

beginning of  gametogenesis ,  including 
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