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Genetic differentiation of Japanese Misgurnus loach inferred
from microsatellite variation, marker-centromere map
and reproduction of hybrids between two populations
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The loach Misgurnus anguillicaudatus in Japan has been studied from the view
points of taxonomy using morphological characters and population genetics using
allozyme electrophoresis and RFLP analyses of mitochondrial DNA. These studies
suggest genetic differentiation among geographically different populations. In Japan,
the population in the Memanbetsu Town, northern area of Hokkaido Island was
reportéd to be genetically different from populations in southern area of Hokkaido
and other Islands (Khan and Arai, 2000; Khan et al., 2005). In norther area of
Hokkaido, clonal loaches generate diploid eggs genetically identical to the somatic
cells of the mother and reproduce in nature by gynogenesis (Morishima et al., 2002).
The sympatric triploid loaches appear by accidental incorporation of sperm genome
into unreduced diploid eggs (Morishima et al., 2002). A possible origin of such
clonal and polyploid vertebrates has been argued for long time and a tight linkage
between unusual reproduction and hybridization has been speculated as a major
cause (see review, Dawley, 1989). |

Outline of the present thesis is as follow. In Chapter I, unisexual development,
unreduced gametogenesis and spontaneous polyploidies were reviewed based on
published literatures to show the background and the goal of the present thesis. To
answer a hybrid origin theory of clonal and polyploid fishes, the author isolated and

characterized newly developed microsatellite markers as genetic tools (Chapter II)
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and then genetically compared two populations, Memanbétsu, northern area of

Hokkaido and Kita, southern area of Hokkaido (Chapter III). In Chapter IV,
recombination rates between microsatellite locus and centromere were estimated by
half-tetrad analysis using induced gynogenetic diploids at newly and previously
developed loci and different marker-centromere map distances were detected in three
marker loci between the two populations. In Chapter V, inter-populational hybrids
were artificially produced and reproductive traits were examined in female (Chapter
VI) and male hybrids (Chapter VII). All the results were summarized and the
conclusion was addressed in the last chapter (Chapter VIII).

Forty five Mado primer sets were developed and 23 markers were informative.
They are categorized to 4 kinds. 1) Some markers like Mado1 are polymorphic in the
Memanbetsu population, while they are fixed to specific one allele in the Kita
population. 2) Some other markers such as Mado5 showed polymorphisms in both
populations and common alleles exist between the two populations. 3)
Polymorphisms are observed only in the Kita population and no PCR products or
null alleles are detected in the Memanbetsu population; as in Madol4, Mado29 and
Mado31. 4) Microsatellite markers are monomorphic at Madol6, Mado42 and
Mado44, but diagnostic allele is specific to the Memanbetsu or the Kita population at
each locus. Substitution of alleles at several marker loci suggests the apparent
genetic difference between the two populations. |

Microsatellite-centromere map distances were assessed by half-tetrad analysis
at a total 21 Mado and Mac marker loci using a total of seven gynogenetic diploid
progeny from the Memanbetsu and the Kita population, which were induced by
chromosome manipulation. In normal crosses, diploid progeny gave segregation of
microsatellite genotypes according to the manner of Mendelian inheritance.
Recombination rates between markers and centromere were estimated from y=0 6%
second division segregation frequency) to y=1. These results showed microsatellite
loci distributed from centromeric to telomeric region on loach chromosome.
Apparent differences were detected in marker-centromere map distances at the three

loci between the Memanbetsu (0.2 centiMorgan (cM) at Mado7; 12.5 ¢M at Mac3;
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15.2 at Mac49) and the Kita (18.6 centiMorgan (cM) at Mado7; 5.0 cM at Mac3; 2.6
at Mac49). In other microsatellite loci, no differences were recorded in
marker-centromere map distances between the two populations. Map distahces_
estimated in loaches collected from southern Hokkaido and Honshu (Morishima et
al., 2001) were similar to those estimated in the Kita population. Differences in map
distances at some loci suggest the inter-populational differences probably due to
chromosome reanangemenf during the genetic differentiation.

Inter-populational hybrids were artificially produced to examine their
reproductive traits and the hybrid nature was genetically verified by heterozygous
genotypes at the diagnostic microsatellite loci. Survival rates of hybrids were slightly
lower than those in intra-populational control crosses.

Hybrid females spawned fertile eggs with various egg sizes from normal or
small to large. Some hybrid females gave higher proportions of large eggs, while
other hybrids laid large number of normal or small eggs. Larger egg sizes are related
to the elevation of ploidy in eggs of hybrids, because large-sized eggs fertilized with
normal haploid sperm gave triploid progeny, while most normal or small-sized eggs
developed to diploid progeny after normal fertilization. The large eggs gave viable
gynogenetic progeny with normal shape after fertilization with UV-irradiated sperm.
Thus, most large eggs would be unreduced diploid eggs produced by the hybrids.
Microsatellite genotypes of induced gynogenetic diploid and triploid progeny
indicated that most unreduced eggs were genetically identical or very similar to
hybrid female. However, unusual aneuploid eggs were also formed in the hybrids.
These results were confirmed by ploidies of progeny after fertilization with goldfish
sperm, These observations showed that some hybrid females had the reproductive
capacity to generate fertile, unreduced diploid eggs. Unreduced egg formation is
essentially similar to that reported in the clonal lineage of loaches in the Memanbetsu
(Morishima et al. 2002) and other natural and artificial hybrid vertebrates (Dawley,
1989), but diploid eggs of hybrid females never develop by gynogenesis.

Physiological traits such as percentage of motile cells, grade of movement,

time of motility, number of spermatic cells and hatching rates after fertilization were

very poor in inter-populational hybrid males, when compared with counterpart
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control male. Scanning electron microscopy showed that spermatozoa from hybrid
males exhibited larger head éizes as well as various abnormalities. On the contrary,
normal shape and size were observed in spermatozoa from the counterpart control
diploid. When ndrmalﬂ eggs of wild diploid loaches were fertilized with a small
quantity of sperm of hybrid males, very few survivors appeared and flow cytométry
indicated that they were diploid and triploid progeny. Microsatellite genotyping of
most triploid survivors indicated that two alleles were absolutely identical to the
hybrid males and one allele was transmitted from the normal mother, suggesting the
production of fertile unreduced spermatozoa in the hybrids. However, diploid
survivors had heterozygous genotype comprising one allele from hybrid male and
another allele from normal female. Thus, haploid spermatozoa can be produced in
hybrid males by normal meiotic process.

In the present thesis, genetic differentiation in Misgurnus loach between the
two-populations was inferred from microsatellite variation, marker-centromere map
distances and aberrant reproductive capacities observed in inter-populational hybrids.
These results concluded that unreduced gametogenesis was linked to hybridization
between the two differentiated populations. Altered gametogenesis observed in the
hybrids also reinforced the genetic differences between the two populations.
However, inter-populational hybrids are not the direct origin of the clonal lineages
reported in the loach, because unreduced eggs of hybrids never developed
gynogenetically. Further studies are required to disclose the mechanisms responsible
for the occurrence of clonal and polyploid individuals in nature as well as to clarify

genetic differentiation in the Misgurnus loach and related species.
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