
Chinese hamster ovary cells grown iortwo rounds of
replication in the presence of bromodeoxyuridine
contain chromosomes with sister chromatids that
fluoresce differentially when stained with Hoechst
33258. It the fluorescent treatment is followed by
Giemsa staining, permanent preparations are made
in which sister chromatid exchanges ISCE5) can be
seen with great clarity. [The SC/v indicates that this
paper has been cited in over 420 publications, making
it the most-cited paper from this ournal.[
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In 1974 Paul Perry and l~realized that we could
combine S.A. Latt’s

2
fluorescent staining technique

of chromosomes containing bromodeoxyuridine
(BrdUrd) with the Giemsa technique ofT. Ikushima
and me

3
to produce permanent preparations ofdif-

ferentially stained chromosomes in which it was pos-
sible to see sister chromatid exchanges (SCEs) with
great precision and clarity. This technique could be
used to approach several problems regarding SCE
formation and chromosome structure that were con-
troversial because autoradiographic studies, which
had hitherto been carried out in this area, lacked the
appropriate resolution to provide results that were
reproducible in all laboratories.

With the new technique, we were quickly able to
show thatthe number of SCEs was dependent upon
the incorporated nucleoside necessary to allow their
detection, which we had already postulated to bethe
case for SCEs determined autoradiographically after
the incorporation of tritiated thymidine.
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By inter-

polating the results obtained with low concentrations
of BrdUrd to those expected at zero concentration,
we were able to determine the true spontaneous
level of SCE formation in Chinese hamster ovary
(CHO) cells. Further, we found that the isolabeling
observed in autoradiographic preparations, which
had led to the idea that there had to be more than
one DNA double helix in a chromosome, was really
the result of the formation of multiple SCEs within
a very small region and the concomitant production
of activated silver grains in the emulsion over both
chromatids, which indicated that isolabeling was an
artifact of autoradiography.

In endoreduplicated cells, it was shown incontro-
vertibly that the two outer chromatids of the closely
apposed four sister chromatids were lightly stained

and that the two inner chromatids were darkly
stained. That is, the outer two chromatids were bifi-
larly substituted with BrdUrd and the two inner ones
were unifilarly substituted. Such a result could be
obtained only if the newly synthesized polynucleo-
tide strandof a DNA double helix always segregated
to the outside of the chromosome, clearly confirming
a result that had been noticed in autoradiographic
preparations but never given full credence.

In this paper it was also shown that one could dis-
tinguish cells that had replicated three times in the
presence of BrdUrd from those that had replicated
only once or twice. In chromosomes that had repli-
cated once, both sister chromatids were unifilarly
substituted and stained darkly. After two rounds of
replication with BrdUrd, each chromosome con-
tained one sister chromatid that was unifilarly sub-
stituted and one that was bifilarly substituted, and
sostained as a harlequin chromosome with one dark
and one light chromatid. After three rounds of rep-
lication, however, some chromosomes in the cell
contained two bifilarfy substituted chromatids that
stained lightly, whereas others contained harlequin
chromosomes. This mixture of chromosome staining
in the same cell indicated that at least three rounds
of replication had occurred.

An indication of how dramatic these preparations
were was brought home forcibly to us by the reac-
tion of the editor of Chromosoma. The journal had,
and still has, a policyof publishing only original ml-
crographs. When we submitted this manuscript with
photographs of harlequin-stained CHO cells, of an
endoreduplicated cell, and of a third-division cell in
which the chromosomes were dramatically stained,
we received an acceptance from the editor with the
provision that we supply him with original micro-
graphs. At first I didn’t understand the request, but
a colleague of mine, upon looking at the photo-
graphs, said, “1 believe that he thinks you have doc-
tored them with a marking penciL”To assure the edi-
tor that this was not the case, we sent him a slide
containing synchronized CHO cells in which meta-
phase after metaphase was stained exactly like the
ones in the photographs. Byreturn mail, we received
an assurance that the editor never thought we had
doctored our photographs, and herequested that we
please allow him to keep the microslide we had sent
so that he could use it in his demonstration series.
He further informed us that hehad already sent the
paper off to the printer.

I think that this paper has been frequently cited
because it showed dramatically how easily obtained
cytological preparations could be used to obtain ex-
perimental data on avariety of subjects. In fact, the
newer techniques drew so many people into the field
that in a few short years at least three books were
written on SCEs?~
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