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ABSTRACT

A deletion of the albino (¢) locus on mouse chromosome 7 has been dem-
onstrated using Q- and G-banding methods in a mouse heterozygous for the
radiation-induced lethal albino allele, ¢23H, The deletion, which is thought to
be 1-6 ¢cM long, represents about 7.6% of the length of the metaphase chromo-
some.

OMPLEMENTATION studies of a series of radiation-induced mutations at

the albino (c¢) locus with multiple biochemical and ultrastructural effects led
to the distinction of four different complementation groups among six lethal
alleles, supporting the interpretation that these represent overlapping deletions of
various sizes (GLUECKSOHN-WAELsCH et al. 1974). Homozygotes for each of the
six alleles were lethal, four of them dying perinatally and two during early em-
bryogenesis. No complementation was observed in combinations of any of the
other five alleles with ¢*¥, which is thought to be the biggest deletion. The
complementation studies included determinations of activity of the enzymes
glucose-6-phosphatase, tyrosine aminotransferase and serine dehydratase, serum
protein measurements, and examination of subcellular ultrastructure, viability,
growth, fertility and morphogenesis (GLUECKsoHN-WAELSCH et al. 1974). The
¢ mutation was shown to be deleted at the structural locus for the enzyme
mitochondrial malic dehydrogenase mod-2 (EricksoN, Eicaer and GLUECK-
soHN-WAELscu 1974).

Previous genetic studies attempting to determine the limits of possible chromo-
somal deletions in the radiation-induced c-alleles made use of two outside
markers: taupe (proximally, 29, recombination with albino), and shaker-1
(distally, 49 recombination with albino). Both of these loci were found to be
intact in 14008, 112K %K and ¢* (GLuecksouN-WaEeLscH and Cori 1970).
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Although ¢**¥ was not available at the time of these studies, it is assumed that this
deletion, too, does not extend as far as the taupe locus in one direction or the
shaker-1 locus in the other.

The introduction of chromosome banding techniques greatly increased the
accuracy of detection of cytological abnormalities in various mammalian species.
However, few attempts have yet been made to apply banding techniques to the
recognition of presumptive deletions, and the first of these was unsuccessful
(DEv et al. 1971). Linkage group 1, which carries the ¢ locus, was assigned to
chromosome 7 in the mouse (Kourt et al. 1971; MILLER et al. 1971b; Committee
1972). We report here the presence of a visible deletion in chromosome 7 in mice
heterozygous for ¢*H.

MATERIALS AND METHODS

A male mouse heterozygous for ¢25H (¢2511/cch) was mated to two AKR females. The preg-
nant females, which were sacrificed on day 14 or 15, produced nine albino (¢25H/c) and three
non-albino (ccb/c) fetuses. The albino embryos were minced and pooled, and primary cultures
were set up as described previously (MiLLER et al. 1971a). Control cultures from non-albino
littermates were set up in the same way. After two days in culture, mitotic cells were harvested
by mild trypsinization to remove the loosely attached cells. The freed cells were transferred
o a centrifuge tube containing a drop of Colcemid (10pg/ml) and spun at 600 rpm. The medium
was replaced with 0.07 M KCl, left at room temperature for 15 minutes and then replaced, after
centrifuging, with methanol : glacial acetic acid (3:1). After three changes of fixative, the sus-
pended cells were dropped onto chilled, wet slides, air dried, and stored at 4°. Within 6 days
some of the slides were stained with quinacrine mustard (.05 ug/ml) for eight minutes, rinsed
with water and tris-maleate buffer at pH 5.6, and mounted in the same buffer. The slides were
examined either by transmitted or incident UV light (HBO 200 watt mercury bulb illumina-
tion), BG 12 exciter filter and K530 barrier filter, photographed on H&W control film with
30--40 second exposures, developed in H&W developer and printed on Ilford paper. Other slides
were stained for G-banding by the method of Suw, Cuu and Cuanc (1973) and photographic
prints made. About 100 Q- and G-banded metaphase prints were made on the albino embryos,
and 42 karyotypes were prepared. About 40 prints were made of the normal embryos, and 12
karyotypes were prepared.

The chromosomes 7 were measured on prints of 28 heterozygous and 10 normal metaphase
cells using a ruler marked at 1/64-inch intervals. Each chromatid was measured twice and the
four values were summed.

RESULTS

The control cultures showed normal karyotypes. The cultures of the ¢*%/c
albino embryos were a mixture of XX and XY cells which showed one con-
sistent abnormality. Using quinacrine staining the more distal bright band
normally present in the middle region of chromosome 7 was absent from one
chromosome in both the male and female embryos. A less bright band was some-
times present closer to the distal end of the chromosome, probably representing
the secondary band which is observed only in the most clearly banded chromo-
somes. Similar results were obtained using Giemsa-banding (Figures 1 and 2).
Measurements showed that the deleted chromosome was 7.6 *+ 1.59, shorter than
its homolog. The difference between the longer and shorter chromosome 7 in
these cells, without regard to identifying the deleted chromosome, was about
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Ficure 1.—Giemsa-banded karyotype of a mouse heterozygous for ¢2°H deletion. The arrow
points to the deleted chromosome 7. The band which has been deleted from the normal chromo-
some 7 is indicated by a >.
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Figure 2.—Chromosomes 7 from a series of metaphases stained with quinacrine or trypsin-
Giemsa from mice heterozygous for ¢, A band is missing from the left chromosome of each
pair. The band which has been deleted is indicated on the normal chromosome by a >.
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8.8 = 1.2%. In the control cells the maximum mean difference in length between
the longer and the shorter chromosome 7 was 5.3 = 1.0%.

DISCUSSION

Our results indicate that even a small deletion, as defined genetically, can be
visible cytologically. To our knowledge this is the first time a deletion has been
demonstrated in mitotic chromosomes in the mouse. The ¢** deletion is probably
less than six centimorgans (cM) long, since that is the distance between the pre-
sumably intact outside markers si-1 and ¢p, but more than 1 cM long, because
both mod-2 and ¢ loci are absent (Figure 3). A deletion of this size might have
been suspected by length measurements alone, in the absence of a chromosome
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Fieure 3.—Mouse Linkage Group I (chromosome 7). Symbols to the left of the line indicate
the relative locations of translocations which have been mapped both genetically and cytolog-
ically. The approximate extent of the ¢25H deletion is indicated by a dashed line. Symbols to the
right of the line indicate the relative locations of genes; the full name of each gene may be
found in Mouse News Letter. Where the order of loci is uncertain, the locations are connected
by narrow vertical lines. The centromere is shown as a dark circle. The distance from Ez to
Guv-2 is about 80 cM; the distance from the centromere to Ex is uncertain. (Prepared in part from
data compiled by Dr. MarcareT C. GREEN.)
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marker. In the littermate controls the difference in length between the longer
and shorter normal chromosomes 7 was 5.3 + 1.09%, reflecting random variations
in the length of the homologs due to biological or technical factors. In the albino
embryos the longer chromosome 7 in each cell (which was usually the normal 7
but sometimes the deleted 7) was 8.8 + 1.29 longer than the shorter homolog,
or about 3.59 greater than expected if there had been no deletion.

The ability to identify the deleted chromosome 7 on the basis of its banding
pattern permits a more accurate determination of the size of the deletion. We
assume that in the normal littermates the two chromosomes 7 are the same length
and the observed difference in their length in any cell is the result of random
factors. That is, if we could consistently distinguish between the maternally and
paternally derived chromosome we would find no difference in the average
length. In the heterozygous animals we can distinguish the two chromosomes 7
on the basis of their banding patterns. We again assume that any technical varia-
tion will affect both chromosomes to the same extent. However, instead of finding
no difference in the average length we find a difference of 7.6 = 1.5%,. This is a
direct estimate of the size of the deletion.

The total genetic length of the mouse genome has been estimated, from
chiasma frequencies in male and females, to be 1200-1300 ¢cM (G. JacIieLLo and
P. E. PoLani, personal communication). Chromosome 7 makes up about 5.49
of the haploid autosome complement at metaphase (Committee, 1972), so that a
deletion of 7.69% of this chromosome might be expected to be about 5 cM long.
This is in the range of the length of the ¢*** deletion based on the available
genetic recombination data.

The ¢**® deletion was detectable cytologically because a normally brightly
fluorescent band was absent from one chromosome 7 in the ¢**"/c heterozygous
albino embryos. Such bright Q-bands appear to be very AT-rich since quinacrine
fluorescence is enhanced in AT-rich regions of DNA in solution and quenched in
GC-rich regions (WeiseLum and pe Hasera 1972). Furthermore, the same
regions preferentially bind antibodies specific for adenosine, producing, in gen-
eral, a Q-banding pattern (Dev et al. 1972), whereas antibodies specific for
cytosine produce the reverse R-banding pattern (Scureck et al. 1973). Several
lines of evidence support the idea that the AT-rich bands contain a great deal of
repetitious DNA. Crick (1971) has suggested that repetitious DNA may play an
important regulatory role, rather than specifying amino acid sequences in pro-
teins. The broad range of abnormalities observed both prenatally and postnatally
in homozygotes and double heterozygotes for lethal alleles at the albino locus may
thus be the result of the deletion of both structural and regulatory genes. This
agrees with conclusions reached also as a result of previous biochemical, develop-
mental and complementation studies (Erickson et al. 1974).

Not all deletions can be expected to be identified cytologically with equal ease,
even if they are the same length judged by genetic mapping. Not only is the
banding pattern in the neighborhood of the deletion an important factor in de-
tectability, but the correlation between cytologically observed length and map
distance is not a simple linear function (Bripcks 1935; LEFEVRE 1971). We are
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currently trying to identify the presumptive deletion in each of the other mutants
involving the albino locus referred to earlier.

‘We should like to thank Dr. Frank LiLry for the AKR mice used in this study.
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