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Figure 2. Histology of the tumor obtained by inoculating BMA1 cells
into nude mice (six weeks after inoculation). Note the bone formation
among tumor tissues (hematoxylin and eosin x 160).

and others, and it contains cells expressing adenoviral early
antigens, which are known to immortalize and transform the
cultured cells', In the present study tumorigenicity of this cell
line was established. Adenovirus DNA was demonstrated in
DNA of the developed tumor (data not shown). Chondro-os-
teogenic gene activation is induced at the onset of the morpho-
genetic phase of bone development and is regulated by a com-
bination of extra-and intracellular factors as well as intrinsic
genetic and epigenetic factors'!, The bone marrow stromal cells
are considered to be more sensitive to bone morphogenic pro-
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tein than almost any other known mesenchymal cell popula-
tion in the body'2. Although BMAI1 cells have been considered
to be derived from marrow stromal cells which have the capac-
ity to produce GM-CSF’, they also contain cells which may
form bones or produce bone inducing substance(s). The iden-
tity of these two kinds of cells and the possible gene activation
by adenovirus transformation in them are currently under in-
vestigation using cloned cells.
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Summary. Two presumptive hybrid populations are examined. Nebraskan hybrids, all having allozymic F1 electromorphs, exist
as both diploid (2n = 50) and triploid (3n = 75) forms. This supports the hypothesis of parthenogenesis as the mode of hybrid
reproduction. The maximum number of nucleoli per cell is suggested as an indicator of ploidy level. In contrast, electrophoretic
analysis of a postulated Mendelian hybrid population in Quebec failed to detect any allozymic heterozygotes or recombinants. A

previous conclusion of introgressive hybridization in this population is not supported.
Key words. Cyprinid; triploidy; polyploidy; parthenogenesis; nucleoli.

The hybridization between the minnows Phoxinus eos and
Phoxinus neogaeus is geographically widespread, although the
occurrence and frequency of hybrids vary greatly among local-
ities>*. The question of hybrid fertility and mode of reproduc-
tion has been unanswered in previous studies. Two morpho-
metric studies have led to varying conclusions, one suggest that
the hybrids may be a all-female parthenogenetic species, the
other suggesting introgressive hybridization. Based on samples
from the United States, one researcher found that the hybrids
were essentially all females, deviated from intermediacy, and
where sometimes taken in the absence of one of the parental
species?. Parthenogenesis was postulated as a method of main-
taining all-female hybrids in the absence of one parent. Sup-
porting this hypothesis are the facts that hybrids have been
reported from Colorado and Montana where pure P. neogaeus
has never been taken>®. In contrast, an investigation based on
discriminant analyses concluded that hybrids of both sexes ex-
ist in some Quebec lakes, with the hybrids forming a Mende-
lian population’.

In an ecarlier allozymic investigation of two Phoxinus popula-
tions in Nebraska, we found data strongly supporting the par-
thenogenetic hypothesis®. We assayed specimens for three en-
zyme marker loci where fixed allelic differences occur between
the species®. These loci encoded the following enzymes; phos-
phoglucomutase (E.C. 2.7.5.1), malate dehydrogenase (E.C.
1.1.1.37) and superoxide dismutase (E.C. 1.15.1.1). Hybrids, all
females, comprised most of the Phoxinus at those localities,
and were coexisting with only one parental species, P.eos. All
the hybrids had patterns typical of F1 hybrids at each of the
three marker loci: no recombinants classes were found. Despite
their singular allozymic phenotype, the hybrids exhibited some
morphological variability, with some resembling one parental
species more then the other. These characteristics are strongly
suggestive of hybrid parthenogenesis, possible of a diploid-
triploid complex. Diploid-triploid unisexual complexes of hy-
brid origin are known to exist in a number of fish, amphibian
and lizard species’.

In this paper we present new data on both the Nebraskan and
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Silver stained chromosome spread from intestinal epithelium in the triploid hybrid. Note two intact cell nuclei each containing three dark nucleoli.

Quebec populations. In an earlier study, the Quebec popula-
tions were found to be diploid, but none were examined for
biochemical markers’. If the Quebec hybrids do form an intro-
gressive Mendelian population, then it is reasonable to expect
a number of phenotypes cither heterozygous or recombinant
for one or more of the three marker loci used in the Nebraskan
investigation. If the Nebraskan hybrids are deviating from in-
termediacy because of gene dosage because of diploidy/trip-
loidy then chromosomal triploids should exist.

We collected Phoxinus in Lac Triton, Quebec, during the
summer of 1982. This locality was previously sampled and
concluded to be a Mendelian population by the discriminant
analysis study’. 200 individuals were used in electrophoresis for
two marker loci, phosphoglucomutase and malate dehydroge-
nase, by previously described methods®. Of 200 fished assayed,
193 scored as eos at both loci while the remaining 7 scored as
neogaeus. Unlike the Nebraskan populations, no heterozygotes
were detected. Neither were any individuals found to be homo-
zygous for one parent’s alleles at one locus while homozygous
for the other species alleles at the second locus. Indeed, we
found no biochemical evidence of hybridization between these
species in Lac Triton.

Five Nebraskan specimens, collected in Bone Creek, Brown
County, Nebraska, were used for karyotypes, and their identi-
ties confirmed by subsequent electrophoresis. Slides were pre-
pared from gill, intestine and kidney using previously described
methods and were stained with a 50% aqueous solution of
silver nitrate, then developed with a formic acid-colloid gelatin
solution on a hot slide warmer''. The two P.eos and two of the
hybrids possessed chromosome spreads of 2n =50, with a
maximum number of two nucleoli observed a cell nucleus. In
contrast the remaining hybrid possessed chromosome spreads
of 75 chromosomes and had a maximum of three nucleoli
within the nuclei of its cells. The figure is a photomicrograph
of a chromosome spread from intestine.

The existence of both diploid and triploid hybrids in Nebraska
supports the parthenogenesis hypothesis. In the eurasian cypri-
nid genus Carassius, unisexual polyploids are known with
backeross hybrids in that genus sometimes being triploid'*".
However this is the first published report of a North American
cyprinid hybrid that is triploid.

The assessment of the maximum nucleoli number per cell may
provide an easy and simple method of triploid detection, even
in the absence of chromosome spreads. The maximum number
of nucleoli is known to correspond with the number of nucleo-
lar organizer regions (NORs) which varies among taxa'’.
NORs are known to contain genes for the 18s and 28s ribo-
somal genes'®. In Phoxinus it can be inferred that there is one
NOR per genome, the diploids possess two while the triploid
has three. Ploidy in specimens could be ascertained without
sacrifice, thus allowing triploids to be used in other studies
such as breeding experiments. A small number of cells could be
sampled from a living specimen and then silver-stained for nu-
cleoli number. Even historical hybrid collections have the po-
tential to be assayed for nucleoli, as nucleoli have been success-
fully stained in preserved museum material of the coelacanth'é.
With respect to the Quebec population, several explanations
can be put forth to explain the lack of biochemical evidence for
hybridization. First allozymic hybrids might have existed in
Lac Triton in the 1960s during the discriminant study but they
are extinct at that locality now. Hybrids might exist there now
but may have been backcrossed to P.eos to the point were
alleles from P.neogaeus have been swamped. We consider this
hypothesis unlikely, given the fact that some of the Quebec
individuals score as pure P.neogaeus at the marker loci. We
feel that the discrepancy lies within the discriminant analyses
used to conclude that the population was hybrid. Discriminant
analysis has been shown to have severe deficiencies in hybrid
analysis for both theoretical and practical reasons'”. The exag-
gerated variance of an unknown group classified on discrimi-
nant functions derived from reference samples can be an arti-
fact of the analysis. Likewise mere intermediacy of discrimi-
nant scores is not proof of hybridization. In our work with
discriminant analysis between the species Phoxinus eos and
P.erthrogaster, specimens that were either misclassified or had
intermediate scores on the discriminant function were found to
be both small in size and from allopatric localities where hybri-
dization is not possible’®, Sources of variation, other than that
of hybridization, probably account for the discriminant scores
of the Lac Triton population.
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Summary. The locus PGM of D.buzzatii is localized in the linkage group of chromosome 4, outside the region blocked by the
inversion 4s and with a recombination percentage of about 16 % from the inversion breakpoint.
Key words. Drosophila buzzatii; phosphocltucomutase locus; chromosome 4; inversion breakpoint; recombination percentage.

Investigations with several Drosophila species of the repleta
group (D.maojavensis, D. arizonensis and D.mulleri) to establish
the role of different chromosomes in the determination of hybrid
sterility', hybrid inviability?, sexual isolation® and speciation® are
handicapped by the impossibility of distinguishing the effect of
chromosome 4 from that of chromosome 5. The reason is that
electrophoretic markers are impossible to assign to one of these
specific chromosomes, because both chromosomes do not show
inversion polymorphism and are homosequential in the three
above species. On the contrary, D. buzzatii and its sibling species
D.serido (repleta group, muileri subgroup) show enough inver-
sion differences in those chromosomes to allow the allocation of
some allozyme loci. The allozyme locus PGM has been assigned
by exclusion to either chromosome 4 or 5 in those species® and by
homology it is reasonable to locate it at the same chromosomal
clements in D.buzzatii and D.serido. The present work deals
with the precise chromosomal localization of the PGM locus
using several methods. The feasibility of chromosome marking
means that D. buzzatii and D. serido are excellent species to study
correlations between chromosomal factors and reproductive iso-
lation.

Two strains of D.buzzatii, 4s and 51, homokaryotypic for one
inversion on chromosomes 4 and 3, respectively, have been used

Results of backcross progenies with D. buzzatii strains 4s and 51

in the present study. Strain 4s carries inversion s on chromosome
48, Strain 51 carries inversion In(5)F2b, F2e, which appeared in
a genetically unstable stock produced by introgression of a chro-
mosomal section from D.serido in the D. buzzatii genome. This
inversion includes nearly the same segment as is contained in
inversion 5g, which is fixed in D.buzzatii and therefore practi-
cally represents a reversion of 5g. Both strains 4s and 5T carry the
allele 100 of PGM in homozygous condition’.

Females of each strain were crossed with males of stock M16
(kindly supplied by J.S.F. Barker), homocaryotypic for stan-
dard arrangements (4st and 5st), and homozygous for allele 95 of
PGM’. F, males were backcrossed to females M 16 in order to
test for segregation of the PGM locus in relation to inversions s
and 7, and, consequently, its linkage group. At the same time, F,
females were similarly backcrossed to M16 males, in order to
find out frequencies of recombination between the PGM locus
and the breakage point of the inversion in the same chromo-
some. The analysis was performed in third instar larvae of the
backcross progeny; the same larvae were used for checking chro-
mosomes and enzymes.

Table 1 shows the results from each of the backcrosses. In the
progeny of cross A (strain 5I) we find all four possible genotypes,
showing an independent segregation of PGM alleles with respect

Backcross: A B C

Genotype * 2%t Plos % 331 ®100 99t Pos X 33%; **100 QX %100 % 33t Plos
st %fos 9 3 26

st *h1oo 5 0 6"

St/ s 95/ 95 - 0 4b

s 100 - 14 28

11 /s 3 - B

St/l 95/ 100 - -

. 10
Recombination fraction = o =15.62%

295 and 100 stand for allelomorphs PGM?® and PGM'%, respectively; ®recombinant frequencies.



