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chromosomes using four-color fluorescence in situ hybridization. To study recombination in mouse chromosomes, we

developed a protocol for analyzing recombination frequencies by using four-color fluorescence in situ hybridization (FISH).
This protocol was developed by simultaneously labeling one centromere, two heterochromatin blocks, and two subtelomeric
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regions of chromosomes 14, 17, and 18. It was found that the products of recombination between centromeric sequences were
localized to a specific region at the chromosome ends. This protocol was applied to 15 chromosomes. Recombination
frequencies in 14 chromosomes were estimated as follows: (i) recombination between centromeres was detected in all

chromosomes; (ii) recombination between heterochromatin blocks was identified in chromosomes 14 and 15; (iii)
recombination between chromosome 14 subtelomeric regions was detected in chromosomes 15, 16, and 18; and (iv)

recombination between chromosome 17 subtelomeric regions was identified in chromosomes 15, 16, and 18. In addition, there
was no recombination between chromosome 17 subtelomeric regions and chromosome 18 subtelomeric regions in most

chromosome. has not been altered. However, if, in this case, the frequency spectrum of the reproduced signal y2 is defined as
I2(f) and that of the feedback signal d2(t) as I1(f), the PLL circuit 17 outputs a signal y3 that is obtained by the multiplication
of the feedback signal d2(t) with a constant coefficient f0. A signal having a frequency f0 is produced at a position where the

frequency spectrum of the reproduced signal y2 is zero. That is, a signal having the frequency f0 is produced when a portion of
the frequency spectrum of the reproduced signal y2 shifts from the position of the frequency f 82157476af
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