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Large chromosomes and small chromosomes : Diversity of chromosome size

Yasuhiko Mukai
Div. Natural Sci., Osaka Kyoiku Univ.

In flowering plants, there is a great range of genome size, from 10° bp in small-genome
plants such as Arabidopsis and rice, to 10" bp in Fritillaria, although the number of genes
is almost constant among species. In general, chromosome size is positively correlated with
genome size. Variation in the amount of nuclear DNA, the C-value, does not correlate with
differences in organismal complexity, which is known as the “C-value paradox”. In cereal,
gene synteny is well conserved in the genomes of wheat and rice, despite huge differences
in the genome size of the two. The method of analyzing chromosomes in small-
chromosome plants is different from that in large-chromosome plants, as the difference of
the structure of the genome is reflected.

This workshop focuses on methodology, current state and prospects in chromosome
studies of plants, animals and fungi that have large chromosomes or small chromosomes.
We will discuss about a dynamic change of chromosome size, in terms of the C-value
paradox, the upper limit of chromosome size, karyotype evolution and a theoretical
approach. The real pleasure of the research only of a big chromosome and a small
chromosome is tasted.

In this lecture, current findings concerning chromosome size in higher plants are
reviewed, and the cause of its diversity is considered in relation to the amount of DNA and
the volume of cell or nucleus. The number of genes included in a chromosome does not
change too much though chromosome size in somatic metaphase is varied from 1 to 30um.
DNA other than genes should increase so that chromosome size may become large. What
kind of DNA by what kind of mechanism increases ? Is there the upper limit in
chromosome size ? This size may be decided according to the size of nucleus and the
length of spindle axis in a cell. Moreover, as the importance of fusion or fission of
chromosomes has been often discussed in karyotype evolution, I refer to this as examples
of Lycoris and Arabidopsis.
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Topics in survey of chromosomes for 55 years — B chromosomes and
heterochromatin

Hiroshi Kayano
Kujyu-Highland Institute of Biology

1) Heterochromatin as marker of chromosomes : In T7rillium kamtschaticum, interphase
of somatic cells shows heterochromatin of large and small sizes in the nucleus. The plants
kept under low temperature show differentiation of euchromatic segments and
heterochromatic segments of chromosomes ; deeply stained euchromatic segments and
extended lightly stained heterochromatic segments (H-segments). With this method Haga
and Kurabayashi (1954 ) analyzed chromosomal variation in natural populations of

T. kamtschaticum distributing over Hokkaido to northern Honshu. Their studies
contributed much in population genetics. Later, I and my colleague (Kayano and
Watanabe, 1970) made further studies on two populations of 7" kamtschaticum in east
districts of Hokkaido. The populations showed variable patterns of H-segments of
chromosomes. In one population 49 different chromosome constitutions were found in 50
plants analyzed.

2) B chromosomes : B chromosomes (B's) are dispensable for life of a plant and an
animal. However, B's are found in some populations of some species. Number of B's are
different between individuals and in some cases number of B's differs from cell to cell
within an individual. In cases dealing with B’s, chromosomes common in the complements
are called “A chromosomes”. Some B's are euchromatic and some are heterochromatic,
but both are genetically inert. In lily Lilium callosum (2n = 24 + 0~2B), a single B
chromosome in an embryosac mother cell is included preferentially into micropylar cell
after first division (Kayano, 1957). The micropylar cell produces egg cell. Thus, 80% of
egg cells receives B chromosome. In grasshopper Locusta migratoria (2n § =22+ XX +0
~4B, 2n & =22+ X + 0~8B), number of B's in primary spermatocytes was found to be
increased (Kayano, 1971). A possible mechanism is mitotic non-disjunction of B's at cell
divisions in germ line cells of early stage of development.

3) Heterochromatic Y chromosome compensating heterochromatic segment lost from
X chromosome of fruit fly : In Drosophila hydei (2n ¢ =10+ XX, 2n &'=10+ XY)
sub-metacentric X chromosome is distinguished from Y chromosome and autosomes. The
X chromosome has heterochromatic short arm and euchromatic long arm. Y chromosome
is sub—telocentric and heterochromatic along whole length. A strain of translocation was
established by X-ray irradiation. Break points of the translocation are on the short arm
near kinetochore of X chromosome and on 4™ chromosome near distal end. Segment of
heterochromatic short arm of X chromosome translocated to 4™ chromosome was deprived
of proximal region.

Female flies of the strain had a pair of changed X chromosomes, a pair of changed 4th
chromosomes and one or two Y chromosomes. Males had a changed X chromosome, a
changed 4" chromosome and an unchanged 4" chromosome. The males had one or two Y
chromosomes. The facts implies that lost heterochromoatic segment of X chromosome is
compensated by Y chromosome. Presence of excess Y chromosome in male as well as in
female flies suggests that such Y chromosomes are possible candidate for B chromosome.
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