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Background. Acipenserid fishes may be divided into three groups in terms of their ploidy levels: 1) 120-chro-
mosomes, 2) 250-270-chromosomes, and 3) about 370-chromosomes. The experimental crosses show that stur-
geon species with the same ploidy often produce fertile hybrids, whereas the hybrids between species with dif-
ferent ploidy cannot reproduce because of female sterility or full sterility. To date, the only case of backcross
hybrids obtained by hybridization of sturgeons with different ploidy is known: in these crosses, the sterlet,
Acipenser ruthenus Linnaeus, 1758, with about 120 chromosomes and kaluga, Acipenser dauricus Georgi, 1775,
with about 270 chromosomes were used as parental species; numerous progenies were obtained for females of
both species and fertile hybrid males. The aims of this study were to determine the chromosome numbers in
hybrid spermatozoa, involved in the production of viable backcross progenies, and to ascertain the chromosome
numbers in backcrosses.

Materials and methods. The experiments for obtaining backcrosses were conducted in the Luchegorsk experi-
mental station of the TINRO Centre in 2010. 16 one-year-old backcross hybrids sterlet x (sterlet x kaluga) and
14 one-year-old backcrosses kaluga X (sterlet x kaluga) were karyologically studied by using previously
described method. From one to 23 metaphase plates were analyzed from every studied fish.

Results. Average chromosome numbers in 14 backcross hybrids sterlet x (sterlet x kaluga) varied from 139 to
157. It means that hybrid males (sterlet x kaluga), participated in their origin, produced spermatozoa with 79—87
chromosomes. Two other backcrosses sterlet x (sterlet x kaluga) had about 178 and 184 chromosomes. Thus,
they got 118—124 chromosomes from their fathers. Among backcrosses kaluga x (sterlet x kaluga), 11 specimens
had 201-214 chromosomes, and three specimens: 219-223. It means that hybrid males, participating in their ori-
gin, should produce spermatozoa with 66—-84 and 84-93 chromosomes, respectively.

Conclusion. This study suggests non-random generation of chromosome sets in spermatozoa of fertile sterlet x
kaluga hybrids. However, the mechanisms of meiosis, providing a non-random production of spermatozoa with
similar numbers of chromosomes, are still unknown.
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INTRODUCTION

Many species of sturgeons have a high ability to form
viable and more or less fertile hybrids by artificial crosses
(Nikolikin 1972); the interbreeding between various com-
binations of sturgeon species was also observed in nature

or assumed from some morphological and genetic data
(Soldatov 1915, Berg 1948, Vasil'ev 1979, Birstein et
al. 1997, Ene and Suciu 2001, Ludwig et al. 2002, 2009).
The property of easy interspecific hybridization is widely
used to produce sturgeon hybrid stocks with economically
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valuable traits. The most valuable hybrids are crosses
between the great sturgeon, Acipenser huso Linnaeus,
1758, and the sterlet, Acipenser ruthenus Linnaeus, 1758
(so called Russian hybrid or bester), as well as the hybrids
between kaluga, Acipenser dauricus Georgi, 1775, and
the Amur sturgeon, Acipenser schrenckii Brandt, 1869.
The recent taxonomic revision by using recent molecular
genetic, karyological, and morphological evidences
(Vasil'eva et al. 2009) proved that Huso Brandt et
Ratzeburg, 1833 is not valid genus, but a junior synonym of
Acipenser Linnaeus, 1758. Thus the great sturgeon and
kaluga were returned to Acipenser as they have originally
been described (see Parin et al. 2014). The last kind of
hybrids, called Chinese hybrid, is an important object of
sturgeon aquaculture in China, as well as in some fish
farms in the Far East of Russia (Li et al. 2009, Rachek et
al. 2010). The search for other commercially valuable
hybrids is still ongoing nowadays (Svirskij and Racek 2001,
Poduska and Armaninov 2006, Racek et al. 2010,
Poduska 2011).

The very first karyological study of sturgeons
(Serebrakova 1969) revealed that the results of interspe-
cific hybridization in these fishes depend on the chromo-
some numbers of parental species. To date, almost all
sturgeon species have been karyotyped (except Acipenser
dabryanus Duméril, 1869). As a result, three ploidy lev-
els were disclosed in these fishes:

* Species with about 120 chromosomes;

* 250-270-chromosome species; and

* One species with about 370 chromosomes (see Fontana
et al. 2008, Vasil'ev 2009).

Withal, large numbers of artificial hybrids between
different sturgeon species have been obtained or were try-
ing to obtain till now. These studies resulted in the follow-
ing main conclusions:

Sturgeon species with the same ploidy level often pro-
duce normal fertile hybrid progenies which are able for
successful reproduction (for instance, bester and Chinese
hybrid).

The interbreeding of sturgeon species with different
ploidy levels results in fully sterile or sub-fertile progeny.

For example, fully sterile progeny was obtained by
hybridization between the great sturgeon with ~120 chro-
mosomes and the Russian sturgeon, Acipenser guelden-
staedtii Brandt et Ratzeburg, 1833, with ~250 chromo-
somes (Nikoltikin 1972). High probability of complete
sterility of reciprocal hybrids between these species was
also concluded by Arefjev and Nikolaev (1991) due to
revealed imbalance of non-intermediate hybrid kary-
otypes, but further karyological studies (Gorshkova et
al. 1996) demonstrated that these hybrids have chromo-
some number intermediate to those of parental species.
However, in the case of female sterility, hybrid males can
be sub-fertile; this was proved for the reciprocal hybrids
between the Russian sturgeon and 120-chromosome ster-
let (Burcev 1962) as well as the hybrids between the ster-
let and the Siberian sturgeon, Acipenser baerii Brandt,
1869, with ~250 chromosomes (Poduska 2004). Probably,

males of the reciprocal hybrids between the Russian stur-
geon and the starry sturgeon, Acipenser stellatus Pallas,
1771, with ~120 chromosomes are also sub-fertile (hybrid
females are sterile) (Burcev 1967, Nikolikin 1972).

The observed sub-fertility of sturgeon hybrids
between species with different ploidy levels corresponds
to the Haldane’s rule, which is manifested in more than
80% of vertebrate hybrids: only one sex, namely homoga-
metic, is fully fertile, whereas heterogametic sex is sterile
(Haldane 1922, Turelli 1998). To date, the evidences of
female heterogamety were reported for bester and several
sturgeon species: Acipenser transmontanus Richardson,
1937, Acipenser brevirostrum Lesueur, 1818, 4. stellatus,
and A. baerii (see Van Eenennaam et al. 1999b, Omoto et
al. 2005, Flynn et al. 2006, Badrtdinov et al. 2008, Fopp-
Bayat 2010). Additionally, differences in karyotypes are
known to play a certain role in the maintaining of isola-
tion mechanisms in fishes. It was demonstrated earlier
that the realization of interspecific hybridization in nature,
as well as its probability in different fish groups (stur-
geons, salmonids, labrids), correlates with the differences
in karyotypes (Vasil'ev 1979, 1985). For example, in the
Volga River basin, sturgeon species with different kary-
otypes occur in the same spawning grounds much more
often than species with similar karyotypes; whereas
species with similar karyotypes are usually separated in
space and / or time during their spawning. Thus, under
natural conditions within limits of the native area, the
probability of hybridization between sturgeon species
with different ploidy levels is generally higher than
between the species with the same chromosome numbers
(Vasil'ev 1979). It should be mentioned, that some
authors believe that “in general, natural interspecific
hybridization happens more frequently between closely
related fish species” because of “genetic incompatibility
of parental genomes” of “taxonomically distant vertebrate
species” (Havelka et al. 2011, p. 97). But certainly, these
authors confuse hybridization events and their results.
Whereas the frequencies of hybridization events between
closely related or distant species are explained by balance
of pre-copulatory and post-copulatory isolating mecha-
nisms in the contact zones (Vasil'ev 1979, 2009).

To date, the only case of backcross hybrids obtained
by hybridization of sturgeon species with different ploidy
levels is known. In these experiments, the sterlet,
Acipenser ruthenus, and kaluga, 4. dauricus, were used as
parental species (Racek et al. 2010). As it was mentioned,
the sterlet has about 120 chromosomes (Fontana et al.
1975, Vasil'ev, 1985, Rab 1986), and it was used as one
of parental species of bester, the most valuable hybrid in
sturgeon aquaculture. The second parental species of
bester was the great sturgeon, A. huso, which also has
about 120 chromosomes (Birstein and Vasiliev 1987). For
many years and even today, the great sturgeon and kaluga
was accepted as closely related species taxonomically
separated from other Acipenser species as a distinct genus
Huso Brandt et Ratzeburg, 1833 or even subfamily
Husinae (see Berg 1948, Findeis 1997, Nelson 2006,
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that 4. dauricus also belongs to 120-chromosome stur-

geon group (Birstein et al. 1993, 1997). Moreover, 120-

chromosome state of kaluga was especially “confirmed”

by Ludwig et al. (2001) for the broodstock from the

Luchegorsk experimental station of the Pacific Scientific

Research Fisheries Centre (TINRO Centre). Therefore,

A. dauricus was assumed as a suitable parental species for

development of a new hybrid broodstock for sturgeon

aquaculture, “kaster”, by hybridization with 4. ruthenus.

In 2005, a numerous hybrid progeny A. ruthenus x A. dau-

ricus was produced at first in the Luchegorsk experimen-

tal station (Racek and Svirskij 2010). In 2009, the analy-
sis of gonads in these males revealed that they possessed
different degrees of fertility with some fully sterile speci-
mens (Racek et al. 2010). Next year, viable backcrosses
sterlet x (sterlet x kaluga) and kaluga x (sterlet x kaluga)
were produced in mass amounts by using hybrid sperm.

However, the special karyological studies proved that

kaluga has about 270 chromosomes (Vasil'ev et al. 2009,

2010). Therefore, the hybrid sterlet x kaluga should be

sterile or sub-fertile on the basis of previous findings of

hybridization between species with different ploidy lev-
els. In this connection, the appearance of numerous back-
crosses causes two questions:

* How many chromosomes in hybrid spermatozoa
involved in fertilization to produce viable backcross
progenies; and

* How many chromosomes have backcross hybrids?

The main goal of this research was to find answers on
these questions.

Beyond this goal, remains another important problem,
namely, the behaviour of chromosomes in meiosis of
hybrid males. This information can be obtained in the
study of metaphases of the first meiotic division and / or
the synaptonemal complex analysis in spermatocytes of
hybrid males (see Bogdanov and Kolomiec 2007). To
date, the synaptonemal complex was studied in the only
sturgeon species, Acipenser transmontanus Richardson,
1837 (see Van Eenennaam et al. 1998, 1999a). The study
showed no evidence of multivalent formation in meiosis,
but it was to be expected, since 4. transmontanus belongs
to tetraploid species with about 280 chromosomes (Van
Eenennaam et al. 1999a). In addition, the authors
observed 0-3 univalents and 1-7 self-paired foldback ele-
ments with no obvious centromeric region that, according
to the authors, may represent accessory chromosomes.
Because of tetraploid state of A. dauricus, not more than
60 bivalents formation should be expected in meiosis of
hybrid males 4. ruthenus x A. dauricus, in case of the
presence of 60 chromosomes homeological to chromo-
somes in the haploid set of 4. dauricus (n = 135) among
60 chromosomes in haploid set of A. ruthenus.
Respectively, about 75 meiotic chromosomes will be uni-
valents. However, in any case, this information cannot
answer the questions that are the purpose of the present
study. But only direct determination of chromosome num-
bers in backcross hybrids allows to accurately determine

the number of chromosomes in hybrid sperm capable for
reproduction.

MATERIALS AND METHODS

Parental fishes—sterlet, Acipenser ruthenus, and kalu-
ga, A. dauricus—originated from the Luchegorsk experi-
mental station of the TINRO Centre. To produce back-
crosses Acipenser ruthenus % (A. ruthenus x A. dauricus)
one female of the sterlet, which belong to the broodstock
obtained from the Volga River population, was used. In
May 2010, eggs from this female were inseminated with
the mixture of sperm from three five-years-old hybrid
males sterlet x kaluga. The seminal fluid from every
hybrid male was almost transparent, with spermatozoa
concentration about 57 000 per 1 mL. The yield of larvae
was 48.5%. To obtain backcrosses kaluga x (sterlet X
kaluga) the mixture of eggs from three kaluga specimens
and the mixture of sperm from three five-years-old hybrid
males sterlet X kaluga were used. The seminal fluid from
one hybrid male had milk colour with spermatozoa con-
centration about 4 900 000 per 1 mL; the seminal fluid
from the second male had colour of diluted milk with
spermatozoa concentration about 56 000 per 1 mL; and
the seminal fluid from the third male was turbid. The yield
of larvae was 24.8% (Racek et al. 2010).

In 2011, for karyological study, 16 one-year-old back-
crosses sterlet x (sterlet x kaluga) with total body length
228-366 (on average 313) mm and 14 one-year-old back-
crosses kaluga X (sterlet x kaluga) with total body length
257-434 (on average 305) mm were used. (Parental
hybrid males sterlet x kaluga and females of pure species
were not karyotyped.) All specimens were injected with
1-3 mL colchicine solution (0.5%—0.6%) depending on
their weight. After 4.5-10.5 h cells of the head lymphoid
organ were used for chromosome slide preparing by using
previously published karyological method (Vasil'ev and
Sokolov 1980). The study was conducted by using anes-
thesia of fishes with a solution of MS-222. Metaphase
chromosomes stained in 4% Giemsa solution in phosphate
buffer (pH 6.8) were counted with PC software Quick
Photo Micro. For karyological study we selected
metaphase plates in which the chromosome number can
be count accurate to 610 chromosomes. From one to 23
metaphase plates were analyzed from every studied fish
(Table 1).

RESULTS

In backcross hybrids Acipenser ruthenus * (A. ruthenus
% A. dauricus) average chromosome numbers varied from
139 to 184 (Table 1). The majority of specimens (14) had
average values varying from 139 to 157 (Fig. 1). This range
of variation approximately corresponds to an accuracy of
chromosomes calculations. The appearance of backcross
hybrids with such chromosome numbers indicates that
parental hybrid males (4. ruthenus % A. dauricus), used in
experimental crosses, produced spermatozoa with chromo-
some numbers from 79 to 97. These values were calculated
by a deduction of haploid chromosome set (60 chromo-
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somes) of maternal species, 4. ruthenus, from 139-157
chromosome set in backcross hybrids. Only two backcross
hybrids sterlet x (sterlet x kaluga) differed from the others:
they had average values of chromosome numbers 178 and
184 (Table 1). The individuals with these karyotypes could
appear if parental hybrid males have produced spermato-
zoa with 118—124 chromosomes.

Backcross hybrids 4. dauricus * (4. ruthenus x A. dau-
ricus) also were represented by two groups with different
average chromosome numbers. 11 specimens had average
chromosome numbers varied from 201 to 214 (Table 1).
Since haploid set of maternal species, 4. dauricus,
includes 130—-135 chromosomes, paternal hybrid males of
these backcrosses should produce spermatozoa with
66—84 chromosomes. The other three backcrosses pos-
sessed average chromosome numbers from 219 to 223
(Table 1, Fig. 2). It means that their hybrid fathers should
produce spermatozoa with 84-93 chromosomes.

DISCUSSION

The hybrid form Acipenser ruthenus x A. dauricus
was at first obtained in the Luchegorsk experimental sta-
tion of the TINRO Centre in 2005 for development of
broodstocks in sturgeon aquaculture, as presumed ana-
logue of bester. But following karyological studies on
A. dauricus revealed this species as a member of 250-270-
chromosome sturgeon group (Vasil'ev et al. 2009, 2010).
Thus, its ploidy level differs from ploidy level of
A. ruthenus with about 120 chromosomes. This means that

Table 1
Karyological characterization of individual backcross
hybrids between Acipenser ruthenus (AR) and 4. dauricus (AD)

Backcross hybrids
AR X (AR x AD) AD % (AR xAD)
No. 2n m No. 2n m
1 143 8 1 208 4
2 150 3 2 205 2
3 140 5 3 205 4
4 141 6 4 201 2
5 143 20 5 207 15
6 142 10 6 207 23
7 146 6 7 214 16
8 139 2 8 213 10
9 145 1 9 202 1
10 178 2 10 221 3
11 184 1 11 202 1
12 148 9 12 213 2
13 147 17 13 219 4
14 147 2 14 223 9
15 157 2
16 146 1

No. = an individual number of specimen, 2n = average diploid
chromosome number, m = numbers of studied metaphases.

the hybrid form A. ruthenus % A. dauricus cannot be
expected as a valuable fish for aquaculture (as the bester
is), because of its presumed sterility or sub-fertility, gener-
ally observed in hybrids between sturgeons with different
ploidy levels. However, hybrid males A. ruthenus %
A. dauricus demonstrated enough high fertility and pro-
duced numerous progenies by backcrosses with females
from pure species, A. ruthenus and A. dauricus. To explain
this high fertility of hybrid males, three hypotheses were
proposed before karyological study of backcross hybrids.
The first hypothesis involves premeiotic endoreduplica-
tion of chromosomes. In this case, hybrid males produce
unreduced diploid spermatozoa: haploid chromosome set
from Acipenser ruthenus (about 60 chromosomes) plus
haploid chromosome set from A. dauricus (about
130-135 chromosomes), i.e., in total, about 190-195
chromosomes. As a result, backcross hybrids should be
triploids with about 255 chromosomes in sterlet x (sterlet
x kaluga) crosses and with about 330 chromosomes in
kaluga x (sterlet x kaluga). For today, the artificial inter-
specific hybrids producing unreduced eggs are well known
in different groups of fishes (Salmonidae, Cyprinidae,
Cyprinodontidae, Orysiatidae, Centrarchidae) (Ojima et al.
1975, Cerfas et al. 1981, Dawley et al. 1985, Dawley 1987,
1992, Sakaizumi et al. 1993, Kurita et al. 1995, Dannewitz
and Jannson 1996). Unreduced diploid spermatozoa was
recorded for the hybrids between species of genus
Misgurnus (Cobitidae), but these spermatozoa possessed
low motility and were unable to fertilize eggs for develop-
ing viable larva (Fujimoto et al. 2008). However, the
appearance of fertile unreduced spermatozoa may be prob-
able for hybrids of species with female heterogamety.
The second hypothesis assumes hybridogenesis which is
well known in some semi-clonal fish and amphibians (see
Schultz 1969, Vrijenhoek 1972). When hybridogenesis,
hybrids produce spermatozoa with maternal haploid set
only; paternal genome is selectively eliminated.
According to this hypothesis, backcross hybrids sterlet x
(sterlet x kaluga) should have about 120 chromosomes,
whereas backcross hybrids kaluga x (sterlet x kaluga)—
about 195 chromosomes.

The third hypothesis presumes that hybrids produce
spermatozoa with different chromosome numbers, and the
range of variability should be enough wide because
parental species have significantly different genomes
(about 120 and about 270 chromosomes). One of the rea-
sons of chromosome variability in spermatozoa may be
karyological heterogeneity within hybrid Acipenser
ruthenus < A. dauricus males. As it was mentioned above,
Arefjev and Nikolaev (1991) found variable, non-inter-
mediate chromosome numbers in reciprocal hybrids
between A. huso and A. gueldenstaedtii, species with dif-
ferent ploidy levels. Other sources of chromosome vari-
ability in spermatozoa can be caused by the mechanisms
of spermatogenesis in hybrids: chromosome abnormalities
often occur in hybrid cells of various organisms including
fishes (Fujiwara et al. 1997, Iwamatsu et al. 2003, Sakai et
al. 2007). In any case, a high proportion of genetically
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Fig. 1. Metaphase plate of backcross hybrid Acipenser
ruthenus % (A. ruthenus * A. dauricus); chromosome
number (2n) = 152 + 2

unbalanced spermatozoa can be expected, as well as the
low yield value of viable backcross hybrids.

The karyotypes obtained in this study for backcross
hybrids do not agree with the first hypothesis about unre-
duced diploid spermatozoa producing by hybrid males.
The second hypothesis seems more probable, but our
results on chromosome numbers in backcrosses suppose
that, along with maternal haploid set (from Acipenser
ruthenus), spermatozoa of hybrids get about 15-25 ‘extra’
chromosomes (probably microchromosomes) from the
paternal haploid set (4. dauricus).

The third hypothesis is highly improbable. In fact, the
observed variation of chromosome numbers in most
Acipenser ruthenus % (A. ruthenus % A. dauricus) and
A. dauricus x (A. ruthenus x A. dauricus) backcross
hybrids is not large, and moreover, it is approximately
within an accuracy of chromosome counting. This means
that most spermatozoa suitable for producing viable back-
cross hybrids have similar chromosome numbers.
Certainly, one can assume that spermatozoa have signifi-
cantly variable chromosome number, but only a few of
appearing backcross hybrids do survive, namely,
A. ruthenus % (A. ruthenus x A. dauricus) with 139-157
and 178-184 chromosomes, and A. dauricus X%
(A. ruthenus x A. dauricus) with 201-214 and 219-223
chromosomes. However, this is unlikely, because the sur-
vival of A. ruthenus % (4. ruthenus x A. dauricus) individ-
uals was quite high, reaching 48.5% (Racek et al. 2010).
Accordingly, taking into account a natural mortality of
embryos, the proportion of spermatozoa with 79-97 and
118-124 chromosomes should exceed 50%. The survival
of A. dauricus x (A. ruthenus x A. dauricus) backcross
hybrids was lower, but also enough large (24.8%) (Racek
et al. 2010). These data indicates that, despite large differ-
ences between parental karyotypes, the generation of
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Fig. 2. Metaphase plate of backcross hybrid Acipenser
dauricus x (A. ruthenus * A. dauricus); chromosome
number (2n) =224 + 4

chromosome sets of spermatozoa by 4. ruthenus % A. dau-
ricus hybrids is not accidental. Moreover, the individual
hybrid males can differ in their ability to produce capable
of fertilization spermatozoa with certain chromosome
number. This assumption follows from the differences
observed in the results of crossings between hybrid males
and females from different parental species.

The mechanisms of meiosis, providing a non-random
production of sperm with similar numbers of chromo-
somes, are unknown. The probability to reveal them by
study of meiotic chromosomes or by synaptonemal com-
plex analysis (Van Eenennaam et al. 1998) in hybrid males
with about 195 chromosomes seems questionable, but it
may be a goal of a special study. However, one can assume
that the specific chromosome sets, discovered in sperma-
tozoa of hybrids between A. ruthenus and A. dauricus,
could be related with evolutional origins of their parental
species. Indeed, A. dauricus belongs to multi-chromosome
tetraploid species and its karyotype could originate by
summation of different low-chromosome diploid kary-
otypes in conformity with hypothesized allopolyploid evo-
lution in sturgeons (Vasil'ev 1999, 2009). The low-chro-
mosome diploid karyotype of 4. ruthenus can be closely
related to at least one of parental karyotypes of this “evo-
lutionary hybrid”. Therefore, it should be expected that
chromosomes in the karyotype of 4. ruthenus are more or
less homologous to parts of chromosomes in the kary-
otype of 4. dauricus.

In any event, regardless of the hypotheses proposed
and discussed here, the present study demonstrates that
fertile hybrid A. ruthenus x A. dauricus males produce
spermatozoa with certain chromosome numbers. This
suggests that their fertility is related with non-random
generation of chromosome sets in sperm.
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