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Refined localization of the asparagine
synthetase gene (ASNS) to chromosome 7,
region g21.3, and characterization of the
somatic cell hybrid line 4AF/106/K015
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Abstract. We have mapped the asparagine synthetase gene
(ASNS) to 7g21.3 by fluorescence in situ hybridization. ‘While
this study refined the localization of the gene, it also revealed a
rearrangement in a sormatic cell hybrid line which was used in
previous ASNS mapping. Using additional probes from other
regions of human chromosome 7, we showed that this cell line

(4AF/106/KO15) contained a rearranged chromosome 7 In
which a segment of the long arm was apparently duplicated and
inserted into the short arm. Caution should be used therefore
when interpreting data obtained from this cell line for gene
mapping studies.

Asparagine synthetase (AS) is a house-keeping enzyme re-

- sponsible for the biosynthesis of asparagine in mammalian

cells, Cells lacking AS activity require an exogenous supply of
this amino acid. The gene encoding AS (ASNS) was mapped to
human chromosome 7 through karyotype analysis of somatic
ct:]ﬂ hybrids made from human B lymphocytes and a AS-defi-
cient Chinese hamster ovary cell line following growth in aspa-

‘; ragine-free medium (Arfin et al., 1983). With additional data
| from somatic cell hybrids containing reduced amounts of chro-

mosome 7 material, a tentative regional assignment for ASNS

| was made to include the region around the centromere of chro-
- mosome 7 (Arfin et al., 1983). The investigators noted, how-

ever, that three of five subclones of the original fusion experi-
meqt contained rearranged or deleted chromosomes 7. It was
further noted that rearrangements of donor chromosomes

tould be particularly high in a CHO background (Fournier and
Moran, 1983).
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A nearly full-length cDNA for ASNS was isolated by means
of expression cloning (Andrulis et al., 1987) and the molecular
structure of the gene was determined (Zhang et al., 1989).
Regional localization of ASNS was only performed, however,
following the isolation of the ts11 gene, which complemented a
temperature sensitive mutation that blocks the G1 phasc of the
cell cycle (Greco et al., 1989). DNA sequence analysis showed
that ts11 corresponded to the previously reported ASNS gene.
A 1.7-kb genomic DNA segment containing a portion of the
ts11 gene was used to probe a panel of rodent x human somatic
cell hybrids to regionally localize ASNS to 7cen—» g35 and then
used with in situ hybridization to refine the location to 7q21—
a3! (Greco et al., 1989). To obtain an independent regional
assignment for ASNS, we performed FISH on banded human
chromosomes using a genomic DNA clone containing exons
4-11 of the gene (Zhang et al., 1989). We also analyzed one of
the somatic cell hybrid lines which were used in the previous
pericentric localization of ASNS (Asfin et al., 1983).

Materials and methods

Probes

Phage clone M114 contained a 1 2-kb genomic DNA fragment spanning
exons 4-11 of the gene (Zhang et al., 1989). Cosmid clone ¢W10-20 con-
tained a 36-kb genomic DNA fragment containing exons 4-7 of the cystic
fibrosis transmembrane conductance regulator (CFTR) geme (Rommens et
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al;, 1989). The a-satellite probe specific to D7ZI located at the human chro-
mosome 7 centromere region was purchased from Oncor. The YAC clone
HSC7E662 (280 kb) containing the ASNS locus was isolated from a chromo-
some 7-specific YAC library with the AS-2 probe {Scherer et al., £1993).
HSC7E43 (280 kb) was a YAC clone isolated with the Lam4-917 probe
{D7815) from the 721 region (Scherer et al., 1993).

Cosmid DNA was prepared from E. cofi hosts and purified using the
QIAGEN column according to the manufacturer’s instructions. Phage DNA
was prepared by standard techniques (Grossberger, 1987). Total yeast DNA
was isolated with the glassbead method as described {Scherer and Tsui,
1991). The purified DNA was labeled with biotinylated dATP using the
BioNick kit (BRL) for 1 h at 15 °C (Heng et al., 1992). Longer labeling time
was used for the YAC clones (2 hrat 15 °C). The labeled probes were purified
with the use of Wick Columns (Pharmacia).

Chromosone preparation

Lymphocytes were prepared from human cord blood as described (Heng
et al., 1993). Chromosomes were prepared by BrdU incorporation, hypo-
tonic treatment, fix and air dry method (Lin, et al., 1985; Heng and Tsui,
1993). For propagation of somatic cell hybrid line 4AF/ 106/KO15, selective
medium oMEM minus asparagine supplemented with 10% fetal calf serum
was used. After growing in the selective medium for 2-3 days, the semicon-
fluent culture was trypsinized and split 1:2. The next day, Colcemid (0.1
pg/mly was added for 30 min and the cells were harvested. The slides were
made after hypotonic treatment (0.4 % K.C1 for 10 min at 37 *C) and routine
fixing in methanol:acetic acid (3:1).

In situ hybridization and detection

For each slide, 50 ng of biotin-labeled phage, or cosmid probes, or 200 ng
of labeled total yeast DNA including the YAC clone were used. The probes
were mixed with human Cot] DNA (2 pg) in 13 pl of hybridization buffer
(50% formamide, 2 x SSC and 10% dextran sulphate), denatured at 75°C
for 5 min, and then prehybridized at 37 °C for 15 min before transfer to the
slides (Heng et al., 1992). Total yeast DNA (2 pg sonicated into 100-500 bp
fragments) was added before probe hybridization when YAC probes were
used. To prepare the slides for hybridization, they were submerged in 70%
formamide at 70 °C for 1 min, dipped in ethanol and air dried. Hybridiza-
tion was carried out for 16-36 hr. The slides were then washed with 50 %
formamide in 2 x SSC and 2 x SSC alone at 46 ° C. The probes were detected
by incubation with FITC-avidin. The FISH signal was further amplified by

incubation with biotinylated goat-antiavidin followed by a second round of

FITC-avidin as described (Heng and Tsui, 1993a and 1993b).

Microscopy

A Leitz-Aristoplan epifluorescent microscope with a DAPI filter and
FITC filier was used for slide examination and photography. Kodak Ecta-
chrome P800/1600 film was used with the exposure pushed to 3200 ASA
(exposure times: DAPI 0.1-1 s, PI and/or FITC 4-7 5). The FISH signals
were localized to the appropriate chromosome band by superimposing the
FITC-PI image and the DAPT image.

Results and discussion

We examined 108 mitotic [igures for positive hybridization
signals after hybridizing with the ASNS genomic DNA probe
(M114). Seventy-two (67%) showed fluorescent spots on both
sister chromatids of chromosome 7. Pictures of 25 mitotic fig-
ures were taken and the regional localization of the hybridiza-
tion signals was determined by superimposing the image with
DAPI-banding patterns (Fig, 1A, B). Chromosomes showing
hybridization with only one of the two sister chromatids and
those with unclear DAPI-banding patterns were not scored. As
illustrated in Fig. 2, our data showed that ASNS is most likely
located in band 7q21.3. This localization was also confirmed
by data obtained with HSCTE662, a YAC clone containing
ASNS (Fig. 3A, B). In contrast to the previous report (Greco et
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al., 1989), we did not observe any specific hybridization signas
elsewhere in the genome but this discrepancy could be ex.
plained by differences in the genomic DNA probes used.

Our mapping data, therefore, confirmed the assignment of
ASNS to 7q and improved its regional localization to band
7g21.3. This conclusion obviously raised concern about the
previous implication of a centromeric localization for ASNS
(Arfin et al., 1983), especially since subclones of the somatic
cell hybrid lines generated from that study had subsequently
been used in mapping of many other DN A sequences on chro-
mosome 7 (Zengerling et al., 1987; Rommens et al., 1988).

To investigate the latter problem, we prepared metaphase
chromosome spreads for one of the snbclones of the hamster-
human cell hybrid 4AF (Arfin et al., 1983; 4AF/106/KO15 pro-
vided to us by Leon Carlock) and probed them with M1 14, The
karyotype of the cell line has always been suspicious but the
extent of rearrangement was thought to be small. As shown in
Fig. 3D, we noticed that the only human chromosome detected
in the mitotic figure contained a clearly discernable chromo-
some 7 long arm (indicated by arrow a). The short arm was
cytogenetically unrecognizable, indicating a possible rearrange-
ment of Tp. We were surprisced by the presence of two locations
of fluorescent signals on the hybrid human chromosome 7
(Fig. 3C). One signal was located on the long arm at 7q21, as
expected for hybridization of the probe to the ASNS locus, but
the second signal was found near the centromere on the short
arm. The same hybridization pattern was observed with the use
of YAC clonc HSCT7E662 (not shown).

Since the two sets of hybridization signals in 4AF/106/
K015 showed similar intensities with both phage and YAC
probes, we concluded that the extra sequence was derived
from duplication of ASNS and its surrounding sequences. To
determine the extent of this duplication, additional genomic
DNA clones derived from 7q were then used as probes for
FISH analysis. One of the probes was a cosmid clone (cW10-
20) containing exons 4-7 of the CFTR gene located at 7¢31
(Heng et al., 1993). Another was a YAC clone (HSC7E43) also
mapped to 721 in this study. As shown in Fig. 3 (panels EF,
G and H), both probes showed hybridization signals in two
regions of the hybrid’s human chromosome. The pattern for
HSC7E43 was similar to that of ASNS with the extra signal on
the short arm near the centromere, as could have been pre-
dicted by the close proximity of the two loci on 7q. However,
the location of the extra FISH signal for cW 10-20 was near the
center of the rearranged short arm. The distance between the
two sets of signals, from ASNS and HSC7E43 to ¢W10-20 was
approximately equal, suggesting that the entire chromosome
segment between these loci bad been duplicated and inserted
into the short arm.

Since the duplicated HSC7E43 and ASNS loci appear 10 be
extremely close to the centromere of the rearranged chrome-
some in 4AF/106/KO15, we next examined an a—sa[ﬁl.!lte
repeat sequence (D7Z1) located at the centromeric region using
a probe specific for human chromosome 7. While strong and
uniform FISH signals were observed at the 7cen region for lym-
phocytes from six unrelated donor individuals, 2 relatmve}y
weak signal intensity was consistently noted for the hybrid
(Fig. 31, J). Since only a small number of individuals were

Cytogenet Cell Genet, Vol. 66, 1 994



Fig. 1. Hybridization of ASNS probe M1 14 to banded human chromo-
some 7. (A) DAPI banded chromosome 7; (B) FITC signals on each sister
chromatid.

Fig. 2, FISH analysis of ASNS (probe M1 14) to human chromosome 7.
Each dot represents a double flucrescent signal detected on chromosome 7.

examined, it remained unclear if the rearrangement affected
th? D7Z1 locus or the weak intensity merely represented a vari-
ation of the sequence organization of the original human B cell
line (8866) used for the construction of the cell hybrid. It
should be noted that the relatively short array of a-satellite
repeat sequences at the D7Z1 locus in this hybrid cell line was
also observed in a long range physical mapping study (Wevrick
and Witlard, 1991).

T?Jkem together, the simplest interpretation we could offer to
explain the FISH results for 4AF/106/KO15 is shown in Fig. 4.
ﬁ segment of 7q spanning the genomic DINA sequence for
msmml ASNS and CFTR had apparently been inserted into
N e short arm o‘lt_‘ chromosome 7 contained in this cell line. One

‘O“H.d‘ﬂl'y of this duplicated sequence appeared to be closely
%&g’é‘mﬂl to the HSC7E43 sequence and the other distal to
R. The insertion of a portion of 7q into the short arm was
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Fig. 3. FISH analysis of hybrid cell line 4AF/106/KO15 with various
genomic DNA probes. (A, B) Lotalization of an ASNS-containing YAC
clone (HSC7E662) to the 7q21 —22 region of a human lymphocyte chrome-
some 7; (C) hybridization of the ASNS probe (M1 14) to the hybrid’s human
chromosome 7 (note the presence of two FISH signals, one at the expected
7q21 region and the other in the short arm. near centromere}; (D) DAPI-
staining pattern of the mitotic figure in (€}, arrow (a} also indicates the long
arm of the hybrid chromosome 7; (E, F) localization of YAC clone HSCT7E43
on normal human lymphocyte chromosome 7; (@) hybridization pattern of
HSCTE43 to the hybrid’s human chromosome 7; (H) hybridization pattern
of the CFTR cosmid probe cW10-20 to the hybrid"s human chromosome;
(1) localization of the a-satellite probe for DFZ1 on normal human lympho-
cyte chromosome 7; and (J) hybridization pattern of the a-satellite probe in
the hybrid (note the weak signal intensity).

accompanied by a partial loss of 7p material. It was noted that
several kmown short arm markers were absent from
4AF/106/KO15 and that short arm sequences were generally
under-represented in a YAC library made from this cell line
(Scherer et al., 1991; data not shown). The extent of the dele-
tion was not determined but the deletion might extend into the
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centromeric region. The loss of 7p material had also been
reported for another subline of the somatic cell hybrid 4AF (Ar.
thur Beaudet, personal communication).

It is of interest to note that 4AF/106 was isolated at the same
time as two other somatic cell hybrid lines, 1CF which
appeared to retain 7cen— qter and 1EF which contained a
centric chromosome fragment (Arfin et al., [983). The tenta-
tive assignment of ASNS to the centromeric region of chromo-
some 7 was primarily based on the persistence of AS activity in
these hybrid lines. Since all three cell lines have been under
biochemical selection for ASNS activity for many generations,
it is possible that rearrangement has occurred and selected for
the retention of both ASNS and the centromere. While this and
other assumptions may be tested with the use of the 1CF and
|EF hybrid cell lines as well as the original human B cell line

CFTR (8866), caution is raised for mapping studies involving the use

Fig. 4. Schematic diagram explaining the chrornosome 7 rearrangement

detected in human-hamster hybrid 4AF/106/KO135.
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