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MY ANBFENEE

It was believed that genetic lengths deduced from recombination frequencies
are proportional to the physical length between two marker genes. However, a
recent advance in linkage analysis has shown that recombination frequencies
along the human and mouse chromosomes are by no means constant. For
example, meiotic recombinations in the proximal region of the mouse major
histocompatibility complex (MHC) on chromosome 17 are clustered at certain
segments, termed hotspots. At present, it is known that there are four hotspots in
this region. Recombination at these hotspots is dependent on the MHC haplotypes
of mice used in crosses. Of the four hotspots, recombination at a hotspot, which
is located between the Pb and Ob genes, occurs in crosses including wm?7 or cas3
haplotype, derived from Asian wild mice. Recombination frequency as high as
2.0% was observed at this hotspot and the breakpoints of the recombinants were
clustered in a short DNA segment of 2.0 kb. However, it is poorly understood
why meiotic recombinations take place in the restricted regions and in crosses
including limited MHC haplotypes.

In order to reveal the molecular basis of site-specificity of hotspots in the
proximal region of the mouse MHC, the author first characterized the fine
molecular structure of a hotspot located in the Pb/Ob interval. The author
constructed a fine restriction map of a 20 kb segment containing the hotspot and
determined the sequence of a 7.25 kb segment from the hotspot toward the distal
end. The hotspot was found to be located very close to the 3' end of the gene for
low molecular mass polypeptide-2 (Lmp2) , a subunit of a proteolytic
proteasome, and was designated as the Lmp2 hotspot. In a lower eukaryote such
as budding yeast, Saccharomyces cerevisiae, most of meiotic recombinational
hotspots are known to be located at the 5' end of genes, which are potential
promoters. It was notable that two mouse hotspots characterized at molecular
level are located outside of potential promoter regions.

There are a number of reports suggesting that transcription potentiates
homologous recombination. These reports imply that transcription remodels the
chromatin into a form that is more accessible to the recombinational machinery,
with resultant initiation of recombinational events. However, there are also
conflicting reports that indicate the absence of direct correlation between
recombinational activity and level of transcription. To determine whether the
transcriptional level of the Lmp2 gene has any influence on recombination
activity at the Lmp2 hotspot, the author examined the transcription of this gene.
It was found that the gene is transcribed in spleen cells but not in testicular cells
where meiotic recombination occurs, indicating that the level of the transcript
has little significance for recombination at the Lmp2 hotspot.

In S. cerevisiae, there is a close correlation between the location of DNase I-
hypersensitive sites (DHSSs) and the distribution of recombinational hotspots.
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DHSSs are colocalized with double-strand DNA breaks (DSBs) which initiate
most meiotic recombination. It has been reported that DSBs are established
before entry of cells into meiosis and DHSSs are a prerequisite for formation of
DSBs. A recent report indicates that DHSSs associated with hotspots are
preserved constitutively both in somatic and meiotic cells in S. cerevisiae. It is
likely that DSBs occur at sites at which nucleosomes are disrupted and the DNA
is accessible to the enzymes involved in the recombination. In this context, the
chromatin structure around the hotspots in the mouse MHC was analyzed.
Although it has been reported that there are DHSSs within the Eb hotspot which
is located in the second intron of the MHC class II Eb gene during meiotic cells,
the contribution of chromatin structure to hotspot activity is still controversial in
the mouse.

The author extended the study in more detail to reexamine the correlation
between the chromatin structure and hotspot activity, and therefore focused on
two hotspots, Lmp2 hotspot, and the Eb hotspot. The author analyzed the
chromatin structure around the two hotspots, by monitoring DNase I-
hypersensitivity of chromatin prepared from both somatic cells and testicular
cells in meiotic prophase 1. As results, DNase I-hypersensitive sites (DHSSs) were
detected at both hotspots in the somatic cells, but not in the meiotic cells,
although prominent DHSSs in meiotic cells were observed at the proximal region
of the Lmp2 hotspot. These results contrast with those obtained in S. cerevisiae,
in which meiotic recombinational hotspot are predominantly associated with
constitutive DHSSs.

In these experiments, the author used two different crosses, one is associated
with a high frequency of recombination at the Lmp2 hotspot, and another is not
associated with recombination at the same hotspot. If the structure of the
chromatin influences recombinational activity at the hotspot, one might expect a
difference in patterns of DHSSs between these two strains. It was found,
however, that the pattern of the DHSSs in two different crosses was almost
identical. This result confirmed that chromatin structure, as monitored by
hypersensitivity to DNase I, is not responsible for determining recombinational
activity at the hotspots.

Thus, the present study suggests that neither level of transcription nor the
state of DNase I-hypersensitivity of chromatin plays a key role in determining
the sites at which meiotic recombination is initiated in the proximal region of the
mouse MHC, unlike the case in the lower eukaryote, S. cerevisiae.
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