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Hybridization, Polyploidization and Cloning in Fishes

Hybridization means results of the heterospecific fertilization
between different species. Thus, the resultant progeny have a new
combination of genomes (chromosome sets) from different
species. Chromosome manipulation is a system of techniques to
control numbers and constitution of conspecific and heterospecific
chromosomes. Elevation of ploidy status can be achieved by
inhibiting polar body release just after fertilization and cleavage in
early embryogenesis. Induction of uniparental development, i.e.,
gynogenesis (all-female inheritance) and androgenesis (all-male
inheritance) can be triggered by fertilization with genetically
inactivated gametes. These techniques were investigated in the
early 20th century by embryologists mainly with amphibians, but
fish biological and aquaculture-oriented studies began in late
1970’s and early 1980’s, although pioneer works existed in 1950’s
and 1960’s.

Survival and reproductive capacity of hybrids varied according to
the combination of parental species and the direction of cross-
breeding. Generally, hybrids between closely related species
showed viability, while those between remotely related species
died in embryonic and/or larval stages. However, viable hybrids
often exhibited various levels of sterility from retarded gonadal
development (gonadal sterility) or aberrant gametogenesis
(gametic sterility) to aneuploid gametes which produced inviable
progeny (zygotic sterility). Inviability of certain hybrids was
explained by chromosome elimination and aberrant expression of
genes. Unfortunately, mechanisms of hybrid sterility have not been
well disclosed in fishes so far.

In induced sterile triploids, energy reallocation from maturation
occasionally gave rise to growth outperformance. Sterility in
induced triploids can be explained by aberrant meiosis including
bivalents and univalent. Configurations comprising both bivalents
and univalent often induce abnormal gonadal development and
production of aneuploid (1.5n) gametes. In some inviable hybrids,
triploidization often induced better survival, i.e., recovery of
developmental potential. Induced gyno- and androgenesis were
useful to produce unisexual (mostly all-female) aquaculture
population as well as to estimate sex-determination system in
species without morphologically distinct sex chromosomes. Since
gyno- and androgenetic doubled haploids were completely
homozygous to produce isogenic gametes, clonal strains could be
established by the second cycle of gyno- or androgenesis of
gametes of doubled haploids, followed by chromosome
duplication. However, production of tetraploids was very difficult
except for a few successful examples.

In dojo loach Misgurnus anguillicaudatus (Cobitidae; Teleostei),
Japanese wildtype is gonochoristic diploidy (2n = 50), but natural
tetraploids are frequently found in market samples because they
have an origin in China. Gynogenetic progeny induced from diploid
loach exhibited inviable abnormalities (haploid syndrome), but
those induced from tetraploid loach were viable without any
chromosome duplication. Thus, they are not concluded to be
evolutionary tetraploids, but genetic tetraploids with four sets of
chromosomes (4n = 100). Bisexual tetraploids generate fertile 2n
gametes, thus cross-breeding followed by inhibition of 2nd polar
body release (PBI) produced fertile hexaploid progeny (6n = 150).
Cross breeding between tetraploid females and diploid males (4n x
2n) produced triploids (3n = 75). Triploid females laid 3n eggs and
1n eggs, while males were sterile. Triploid unreduced eggs were
likely generated by genome duplication before meiosis, i.e.,
premeiotic endomitosis, while haploid eggs was presumably
produced by meiotic hybridogenesis (MH), eliminating one haploid
set before meiosis. PBI after 4n x 2n produced pentaploids (5n =
125), which females laid 2n eggs, while males had aneuploidy 2.3n
sperm. Diploid eggs were presumably formed by MH and
aneuploidy likely resulted from meiotic configurations including
univalents.

In certain area of Japan, clonal lineages exist and they are
considered hybrid origin between genetically different ancestors.
These clonal diploids produce isogenic 2n eggs which develop by
spontaneous gynogenesis to maintain clonal lineages, but such 2n
eggs accidentally incorporate 1n sperm nucleus to develop
triploids. Unreduced 2n eggs (2n sperm in sex-reversed clonal
males) with isogenic genotypes are produced by premeiotic
endomitosis to assure sister chromosome pairing. Clone-origin
triploid males are sterile, whereas triploid females lay 1n eggs by
MH. Altered constitution of chromosome sets due to hybridization
and polyploidization are supposed to trigger expression of atypical
reproduction such as unreduced gametogenesis, spontaneous
gynogenesis and meiotic hybridogenesis.

Experimental results from artificially induced and naturally
occurred hybrids, polyploids, and clones suggest us new
reproductive, developmental, genetic and evolutionary insights
into basic and applied biology of fishes and other aquatic
organisms.
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A novel subpopulation of pluripotent stem cells, named embryonic-
like stem cells (ELs), has been recently reported among
spermatogonial stem cells in humans and mice. Furthermore, it has
been shown that ELs in testes and ovaries express FSHR, and FSH
has a direct effect on these cells. In this study, we sought to
investigate whether ELs were present in zebrafish testes. To
address our aims, expression analyses (RT-qPCR) of genes involved
in pluripotency were carried out during zebrafish embryonic stages
and the culture of testicular explants incubated or not with
recombinant zebrafish Fsh (rzfFsh). To further identify the
pluripotent markers and Fshr, immunofluorescence, western blot
or flow cytometry were employed on wild-type or Fshr::eGFP
zebrafish reporter lines. Finally, RNAseq libraries were produced
from total RNA extracted from zebrafish testicular explants
cultivated with trilostane (an inhibitor of sexual steroid production)
in presence or absence of rzfFsh (100 ng/mL). We first
demonstrated that the selected pluripotent genes, pou5f3, nanog
and nanos3, showed higher expression levels at the blastula
stage,and later, mRNA levels were significantly down-regulated
over the gastrulation. Furthermore, we showed that Pou5f3, Nanog
and Nanos3 were found among the different generations of
spermatogonia although their staining pattern varied depending on
the spermatogonial development in adult testes.

The pluripotent markers were expressed at higher levels in early
spermatogonia (type A undifferentiated (Aund) and differentiated
(Adiff) spermatogonia) compared to type B spermatogonia, and no
longer detected in meiotic and post-meiotic germ cells. Using a
specific antibody, we observed that Fshr was expressed in somatic
cells and in Aund and Adiff. We further evaluated whether the
selected pluripotent genes were regulated by Fsh. Similar to
mammals, we found that Fsh increased pou5f3 mRNA levels, while
nanog and nanos3 were down-regulated after 7 days of Fsh
exposure. RNAseq libraries also showed a deregulation for many
mediators of the stem cell signaling pathway in the testes
cultivated with Fsh. Finally, we observed that a transgenic zebrafish
line carrying the GFP reporter gene under the control of a proximal
promoter fragment of the fshr gene showed high GFP expression
levels not only in somatic cells, but also in Aund and Adiff.
Altogether, our data indicate the existence of Fsh-dependent
proliferating ELs in adult zebrafish testes.

Keywords: stem cell; pluripotency; germinal niche; endocrine
regulation; Fsh.
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