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hundred nuclei were scored and the percentages of each population were calculated.

CCD imaging

Fluorescence images were viewed under a Zeiss Axioskop epifluorescence microscope fitted with a

cooled CCD camera (Photometrics PXL1400) coupled to iPl-ab software (Signal Analytics Co.),

pseudocolored, and merged using Adobe Photoshop 2.5J (Adobe Systems Inc.) on a Macintosh com-

puter'o). The images were directly printed in black and white by Fuji Pictrography 3000.

Results and Discussion

Detection of S phase nuclei

There are some reports which used a BrdU incorporation method to identify S phase nucleitq 21). They

labeled cells by BrdU for 60-90 minutes. Since the S phase of animal cells is generally 6-8 hours, this

labeling time seems to be too long. So, we checked a BrdU labeling condition first. Randomly cultured

Iymphocytes were labeled with BrdU for 5-30 minutes and the incorporated BrdU was detected by either

rhodamin or fluorescein in FISH step to identify S phase nuclei. The nuclei in S phase were detected even

in 5 minutes'Iabeling, and the fluorescence intensity increased dependent on the labeling time (data not

shown). We concluded that 10 minutes' BrdU labeling is enough for the detection of S phase nuclei. As

shown in Fig. 1A and B, the S phase nuclei are easily distinguished with non-S phase nuciei under the

fluorescence microscope.

Replication timing analysis by FISH

The individual DNA segments on the animal cell genome generally replicate synchronously between

Fig. 1 Identification of S phase nuclei. The nuclei fixed on the microscope slide

were detected BrdU by rhodamin in FISH steps as described in Materials

and Methods section. (A) The CCD image detected all the nuclei with

DAPI staining. (B) The rhodamin image detected S phase nuclei.
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pattern in FISH-based replication assay'''o), TNF and RFCS rcplicate synchronously (SD(10%), on the

other hand, IGFZreplicates asynchronously (SD)40%). In principle, a DNA segment with a smaller

SS% replicates in the earlier stage of S phase, while the segment with a higher SS% replicates in the later

stage of S phase, so we can compare the temporal timing of DNA replication based on FISH signal
profiles. As shown in Fig. 3, TNFwhich has a smaller SS% replicates earlier thanRFCS. Imprinted

genes including IGFZhave been shown to have an allelically different replication timing, for example, the
paternal allele of IGF2 replicates earlier than its maternal allele"). Thus, we considered the arrow (a)

and (b )  o f  F ig .3 , i .e . ,SS%and (SS+SD)%,as thepo in to f  rep l i ca t ionof  thepaterna landmaterna l

allele of IGF2, respectively. The comparison of these signal profiles lead to the conclusion of the

temporal order of DNA replication of three genes in human lymphocytes as follows: Both alleles of TNF,

one allele otIGF2 (paternal), both alleles of RFCS, and then the other aIleIe of IGF2 (maternal).

Delineation of replication order by multicolor FISH

To demonstrate the temporal order of replication of three genes, we employed multicolor FISH; two
genes with different labeling were hybridized together onto the same slide and simultaneously detected in

different colpr combination. In case of the combination of RFCS and, IGF2, some nuclei with SD for IGF2

showed SS (Fig. 4A), but mainiy DD (data not shown) for RFC 5. On the other hand", when TNF and,

IGF2 werc detected together, nuclei with DD for TNF and SS (data not shown) or SD for IGF2
(Fis. 48) were main population. These results confirmed the temporal order of replication of three
genes determined in Fig. 3.
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Fig. 4 Demonstration of replication order of three genes by multicolor FISH. IGF2was
detected by fluorescein, and other genes were detected by rhodamin in each image.
(A) Two singlets (SS, black arrowheads) fotRFCS, and (B) twodoublets (DD,

black arrowheads) for TNF. IGF2 (white arrowheads) showed SD in both the
images.








