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The mechanisms of unisexual reproduction 
and pure either maternal or paternal inheritance 

Sergey D. Grebelnyi 

Zoological Insrirure, Russian Academy of Sciences, 
Universiretskaya nab., 1, St. Petersburg, 199034, Russia 

The unisexual reproduction occurs in quite different animal groups, 
though the all-female species are not numerous in nearly all the taxa. The 
majority of unisexual species which have been discovered by now are sup
posed to be parthenogenetic, and this seems to be true. However, in a few 
species some other kinds of unisexual reproduction and inheritance have been 
recorded . 

Avoidance of the normal sexual reproduction can produce the genetic ef
fect of different sorts . Being dependent on particular mechanisms of preserva
tion of the somatic parental chromosomal number in offspring, it can vary 
from inheritance of only maternal features to complete substitution of pater
nal for maternal ones. Anyway, it seems to be obvious, that any unusual rear
rangement of the genetic material, while reproducing, abruptly changes the 
characteristic features of the 'mendelian population', which are considered to 
be the base of the widely accepted concept of speciation. 

Parthenogenesis. During parthenogenesis the juvenile originates from an egg 
without any participation of spennatozoa. Fertilization does not occur, that is why 
in such a case the complete (non reductional) diploid or polyploid chromosome set 
of somatic cells is to be preserved in the egg. In natural populations the partheno
genesis is always connected with deep disintegration of meiosis that leads to a 
complete stoppage of genetic recombination, so that the maternal characters are 
inherited by the offspring without any c the population an opportunity not to 
spend 50% of environmental resources hanges. 

When discussing the origination of parthenogenetic forms and inevitable 
competitive interactions of them with their closest bisexual relatives , one quite 
often pays attention to the ' double advantage' of parthenogenesis (Maynard 
Smith , 1971 , 1978) that gives on males. According to another, may be more 
reasoned point of view, the advantages of parthenogenetic populations could 
be caused by their higher heterozygosity and uniformity much more than by 
higher rate of breeding without males (Suomalainen , 1969; Suomalai
nen eta/. , 1973, 1976; Grant , 1977; and many others). 

The parthenogenetic-like effect is also produced by some other secondary ab
errations of sexual reproduction, they are: gynogenesis, hybridogenesis and andro
genesis. For reproduction of gynogenetic and hybridogenetic unisexual all-female 
forms the males of closely related bisexual species are needed. Androgenesis as any 
kind of multiplication by means of egg produced by a feminine gonad cannot pro
ceed without females . Therefore the only one undoubtedly androgenetic clonal 
organism known in nature is a hermaphroditic clam (to be discussed below). 
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Gynogenesis. Gynogenesis is a development of unfertilized eggs that proceeds 
only after stimulation of them by sperm. Spermatozoid penetrates egg, but soon, the 
male pronucleus is to be eliminated. Further development of the embryo is controlled 
only by maternal genome and leads to production of all-female offspring. 

The widely known example of gynogenesis is Carassius auratus gibelio, in 
addition to that the phenomenon was also discovered in diploid and triploid 
races of small viviparous tropical fishes of the genera Poecilia and Poeciliop
sis (Hubbs & Hubbs, 1932; Berg, 1947; Golovinskaja & Romashov, 1947; 
Cherfas, in Kirpichnikov, 1987), in some atherin fishes Menidia and Cobitis 
(Vasil'ev & Vasil'eva, 1982; Vasil'ev, 1985; Echelle & Mosier, 1981, 1982; 
Echelle et a!., 1983), in triploid races of the amphibian genus Ambystoma 
(MacGregor & Uzzell , 1964; Cuellar, 1974), and in insects (triploid race of 
beetle Ptinus mobilis, the reproduction of which depends on the presence of 
males of the diploid conspecific race: Sanderson, I 960). 

Hybridogenesis. During hybridogenesis, the offspring originates from fer
tilized eggs, that is the principal difference between hybridogenesis and gyno
genesis. The genes of a father being brought by spermatozoid reveal them
selves in phenotype. As well as in the cases mentioned above, the offspring is 
also all-female, but of a hybrid constitution, because it inherited chromo
somes from both parents, that was proved by crosses of individuals with 
marker alleles. However, during the initial stage of oogenesis the father 's 
chromosomes are eliminated and only the mother's ones are to be retained in 
a mature egg. Therefore each subsequent generation can be produced only 
after one haploid set of chromosomes is again borrowed from a male of the 
related species. This kind of reproduction was suggested to be called the 
' creditogenesis' (Barkin & Darevsky, 1980). 

The phenomenon of hybridogenesis was most completely investigated in 
small fishes Poeciliopsis (Schultz, 1967, 1969, 1977; Vrijenhoek , 1972). These 
are diploid all-female hybrid populations that originated from different spe
cies of the genus. For reproduction they need males of related bisexual spe
cies. Strong evidence of hybridogenesis was discovered in the frog Rana escu
lenta. In reality, this well known European species is a permanent hybrid of 
R. lessonae and R. ridibunda (Berger, 1967; Barkin eta!. , 1987; Vinogra
dov eta!., I 990; Lada eta!., 1995). 

Androgenesis. As well as gynogenesis, the androgenesis in nature can serve as 
one of the ways of cloning or multiplication of identical genotypes. It may be called 
mirroring of parthenogenesis. The offspring originates from the eggs stimulated by 
sperm. In the course of meiosis nucleus of the egg produces two polar bodies, then 
both of them are moved out from the cell. Only chromosomes derived from male 
pronucleus constitute the metaphase of the first cleavage of zygote, whereas the 
female pronucleus which during the normal sexual reproduction is to fuse with the 
male one, is absent at all. The development of embryo is controlled only by the 
genes introduced by spermatozoid. In the case of natural androgenesis spermato
zoid involves non-reductional set of chromosomes, either diploid or triploid (in 
triploid species). 

The possibility of androgenetic development was so obvious to some ex
perienced geneticists that they firstly managed to demonstrate this wonderful 
phenomenon in experiments on the silkworm (Hasimoto, 1934; Astaurov , 
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1936, 1937), when as a result of fusion of two haploid sperm nuclei the forma
tion of diploid individuals was observed (Fig. 1). Moreover, when a female 
was inseminated by two genetically different males, the two-father's hybrids 
were sometimes obtained (Strunnikov, 1958; Astaurov, 1968). 

At last, only quite recently, the cases of androgenesis were found in 
nature, and then properly explained. The freshwater clam Cor
bicula sandai (Mollusca: Bivalvia, Corbiculidae) is a common diploid 
bisexual dioecious species from Lake Biwa, Japan. This species is sup
posed to breed in a usual way as it has normal reductional haploid sper
matozoa possessing half the DNA found in somatic cells. The other two 
species of the genus, C. Ieana and C. jluminea, closely related to 
C. sandai are hermaphrodites (Miyazaki , 1936; Kraemer & Galloway, 
1986). It has been shown , that being individually isolated these molluscs 
are able to produce progenies, that was checked for two generations 
(lkcmatsu & Yamane, 1977). Thus reproduction by self-fertilization was 
primarily suggested. Later on the gynogenetic development was supposed 
(Okamato & Arimoto, 1986). 

Recently it has been realised that one of the Japanese populations of C. 
Ieana is triploid. In Taiwan the individuals of C. jluminea from the same lo
cality appeared to be diploid and triploid (Komaru & Konishi , 1999). lt 
should be also pointed out that triploid as well as diploid molluscs of the ge
nus Corbicula from several examined localities of the Eastern Asia produce 
non-reductional spermatozoa containing the amount of DNA equal to that of 
somatic cells (Okamato & Arimoto , 1986; Komaru eta!. , 1997; Komaru & 
Konishi, 1999). 

Finally, the detailed cytological observations (Fig. 2) and DNA micro
fluorometry of C. Ieana made it possible to demonstrate that the developing em
bryo contains only those chromosomes which were delivered by spermatozoid , 
while the products of the egg nucleus division are transported to the cell surface 
and then moved out of it (Komaru et a/., 1998). So, it turned out to be q!Jile diffi
cult to distinguish the androgenetic development from parthenogenesis. 

Not long ago, the androgenesis was found in the stick-insects (Insecta , 
Phasmatoptera). In northwestern Sicily the all-female unisexual populations 
produced as a result of interbreeding of two species (Bacillus rossius H 

B. grandii benazzii) and possessing one haploid chromosome set of each one 
were discovered. They and the parental species are sympatric. One of them -
B. rossius is bisexual species , females 2n=36, XX, males 2n=35 , XO, which 
includes facultatively parthenogenetic dcmes. The other one - B. grandii is 
strictly bisexual , females 2n=34 , XX, males 2n=33 , XO, and includes three 
subspecies (Mantovani eta/., 1991 ; Scali , 1991). 

In laboratory adult females (B. rossius-grandii benazzii) were mated 
to males which belong to B. grandii benazzii, B. grandii grandii, 
B. grandii maretimi, and B. rossius. The eggs laid before mating never 
hatched, that proves the lack of parthenogenesis. Allozyme analysis of 
parents and their offspring was carried out. Maternally and paternally 
inherited genes were revealed by markers (Mantovani & Scali , 1992). 
From the allozyme analysis of the offspring, three pheno-gcnotypic 
classes can be distinguished. 



64 S.D. Grebelnyi. Mechanisms of unisexual reproduction 

Bombyx mandarina 

't~>~ 
~ 
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Bombyx mori 

Warming up 
40"C; 120-135 min. 

Fig. I . Interspecies dispermic androgenesis in silkworm (after Astaurov, 1968 
simplified) 
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Fig. 2. Androgenetic development of egg in Corhicu/a Ieana (schematised after 
Komaru, Kawagishi & Konishi, 1998). Maternal chromatin is extruded as two polar 
bodies. Paternal diploid chromosome set constitutes the metaphase of the first cleavage 

division. (Insert shows sperm nucleus one minute after its penetration into egg) 

The largest class of descendants originated from all crosses is represented 
by individuals inheriting one entire haploid chromosome set from mother and 
the other one derived from the fathering male. This is an example of the semi
clonal inheritance that is very common to hybridogenetic breeding in frogs 
and fishes occurring with the participation of males belonging to closely re
lated species. 

The second class includes descendants of both sexes showing only pater
nal genes . These are clearly androgenetic descendants. Cytological analysis 
fully supports their all-paternal c-onstitution: the crossed forms differ from 
each other in number and morphology of chromosomes. 

The third class is very rare (only two females were found) ; it includes the 
offspring that inherited only maternal genes. One of these females was com
pletely homozygous as far as it was possible to judge from the analysis of few 
genes; in its genotype one of the maternal haploid set was simply doubled. 
Another female completely repeats the maternal genotype in its all three loci 
studied. As wrote Mantovani and Scali (1992: p. 788) "these females must 
derive from different gynogenetic mechanisms" . 
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It could be added that flexible and being unstable in hybrid forms the 
mechanisms of the genotype rearrangements which proceed during the meio
sis allow the different ways of preservation or restoring of somatic chromo
some number in an egg. In the majority of animals meiosis in egg is far from 
its completion by the time when spermatozoid penetrates into it. Thus, the 
egg being ready to develop still contains the whole maternal chromosome set 
(see Vasetsky, 1977). As it has been observed in the stick-insects and many 
other organisms, when male pronucleus does not participate in development, 
it can lead to pure maternal inheritance. On the other hand, if the progeny 
develops without female pronucleus the paternal cloning by use of only 
chromosomes introduced by spermatozoid is possible (androgenesis in silk
worms, molluscs and stick-insects). Finally, the fusion of maternal pronucleus 
and one of the polar bodies formed in outcome of meiosis is quite analogous 
to self-fertilization and leads to either complete or partial homozygosity of 
the offspring. 

In order to differentiate between pure maternal and paternal inheritance 
which depends on the mechanisms of clonal reproduction , one should use 
some genetic markers or observe the process of meiosis in detail. However, it 
is not an_ easy job. The all-female reptile species known are considered to be 
parthenogenetic because within the group neither gynogenesis nor any other 
ways of unisexual reproduction have been ever registered. At the same time in 
fishes, the unisexual forms are believed to be either gyno- or hybridogenetic, 
since in all the cases studied the successful development of eggs occurs only 
after their contact with sperm. Seeing that our knowledge of the meiotic 
mechanisms in all-female forms is quite incomplete, it will not be surprising if 
some of the species known as parthenogenetic appear either gynogenetic ones , 
or even androgenetic hermaphrodites. 

The discussion on the matter presented above can lead to a somewhat 
skeptical attitude towards mitochondrial DNA analysis that is one of the 
most advanced and attractive methods applied in phylogenetic studies. A few 
though well-proven examples of androgenesis show that diploid (or poly
ploid) genotype can be moved by spermatozoid to an egg of another species. 
Therefore even the identity of mitochondrial DNA possessed by some forms 
cannot be considered as indisputable evidence of their close phylogenetic rela
tions. In the history of species nuclear genome can part from mitochondrial 
one. 
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