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Cells from a dihydrofolate reductase-deficient Chinese hamster ovary cell line were hybridized to human
fetal skin fibroblast cells. Nineteen dihydrofolate reductase-positive hybrid clones were isolated and character-
ized. Cytogenetic and biochemical analyses of these clones have shown that the human dihydrofolate reductase
(DHFR) gene is located on chromosome 5. Three of these hybrid cell lines contained different terminal deletions
of chromosome 5. An analysis of the breakpoints of these deletions has demonstrated that the DHFR gene
resides in the qll-*q22 region.

The dihydrofolate reductase (DHFR) gene, DHFR, is one
of the best-characterized "housekeeping" genes in mamma-
lian cells because of the isolation and characterization of
variants that have amplified this gene. Somatic cell variants
resistant to methotrexate (MTX) have been isolated in
mouse (2, 17, 40), hamster (20, 31, 34), and human (29, 43)
cells. In general, these cell lines have a several hundredfold
increase in DHFR activity and a corresponding increase in
the number of copies of the DHFR gene. The increased copy
number in conjunction with the overproduction of DHFR
mRNA in these cells has allowed the cloning of both cDNA
and genomic probes for the mouse (10, 36), hamster (9, 28,
32), and human (12, 35) genes.
The amplified DHFR genes have been shown to reside on

either extrachromosomal elements called double minutes
(25) or within homogeneously staining regions (HSRs),
which appear frequently on specific chromosomes (17, 37,
39, 43). In MTX-resistant Chinese hamster ovary (CHO)
cells, HSRs have been found most often on the short arm of
chromosome 2, which carries the unamplified DHFR gene
(19; M. Roberts, K. M. Huttner, R. T. Schimke, and F. H.
Ruddle, J. Cell Biol. 87:288, 1981). HSRs have been found
also on specific chromosomes in MTX-resistant human cell
lines (5, 39, 43). In particular, Wolman et al. (43) have
associated amplification of the human DHFR gene with an
HSR on the long arm of chromosome 10. These authors have
suggested that a human DHFR gene is located on this
chromosome. Srimatkandada et al. (39), however, have
found HSRs containing amplified DHFR genes on chromo-
somes 5, 6, and 19 in MTX-resistant human leukemia cells.
These studies raise doubts regarding whether the chromo-
somal location of an HSR marks the normal location of a
nonamplified gene.
We have taken a direct approach to map the human DHFR

gene by using somatic cell hybridization techniques. This
approach became possible when Urlaub and Chasin (41)
isolated mutants of CHO cells deficient in DHFR activity.
These DHFR-negative (DHFR-) cells have been shown to
require thymidine, glycine, and a source of purines for
growth (41). Urlaub and Chasin (41) have demonstrated that
DHFR-positive (DHFR+) cells can be obtained from the
DHFR mutants by selecting for cells capable of growing
solely in the absence of purines. Furthermore, the DHFR-
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phenotype has been shown to be recessive to the wild type in
somatic cell hybrids (41).
Our approach was to hybridize cells from the DHFR

mutant cell line DXB11 with DHFR+ human skin fibroblast
cells. Interspecific hybrid clones were selected in medium
lacking purines and containing 1 ,uM ouabain (3). Nineteen
hybrid clones were isolated and characterized. Cytogenetic
and biochemical analyses of these clones have shown that
the human DHFR gene is located on chromosome 5. Addi-
tionally, several hybrid clones have been shown to contain
different terminal deletions of chromosome 5. An analysis of
the breakpoints of these deletions has allowed us to make a
regional assignment of the DHFR gene to the qll--q22
region.

MATERIALS AND METHODS
Cell lines and strains. CHO cell lines CHO-Kl (DHFR+/

DHFR+) and DXB11 (DHFR-/DHFR-) were provided by
L. Chasin, Columbia University (New York, N.Y.). Fetal
skin fibroblasts from a normal male (strain CRL1475) were
purchased from the American Type Culture Collection.
Fibroblasts from a patient [46,XY,t(4;11)(q25;p13)] were
donated by the Cytogenetics Unit, Alfred I. duPont Insti-
tute.
Growth of cells. CHO cells were grown routinely in Ham

F12 medium (GIBCO Laboratories, Grand Island, N.Y.)
supplemented with 10% (vol/vol) fetal bovine serum. This
medium was designated as F12FBS10. Hybrid cells were
maintained in F12 medium without hypoxanthine (K. C.
Biological Inc., Lenexa, Kans.) and containing 10% (vol/vol)
dialyzed fetal bovine serum. Dulbecco minimal essential
medium (GIBCO) supplemented with 10% (vol/vol) fetal
bovine serum was used for the growth of human fibroblast
cells.

All cells were negative for mycoplasma contamination as
determined by in situ staining of monolayer cultures with the
DNA-binding dye Hoechst 33258 as described previously
(13).

Somatic cell hybridization. Cells were hybridized by a
modification of the procedure described by Davidson et al.
(15). DXB11 cells (2 x 106) and human fibroblast cells (1 x
106) were plated together in 25-cm2 tissue culture flasks
containing 5 ml of F12FBS10 medium. After 24 h, the
monolayers were washed once with 2 ml of Dulbecco
minimal essential medium. Three ml of 50% (wt/wt) polyeth-
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ylene glycol (molecular weight, 1,000; J. T. Baker Chemical
Co., Philipsburg, N.J.) dissolved in Dulbecco minimal essen-
tial medium was added to each flask. After 1 min at room
temperature, the polyethylene glycol was removed, and the
monolayers were rinsed rapidly five times with Hanks
balanced salt solution. F12FBS10 medium (5 ml) was added
to each flask, and the cells were incubated at 37°C for 24 h.
The cells were harvested by trypsinization and seeded at
densities of 1.2 x 105, 2.4 x 105, and 4.7 x 105 per 100-mm
tissue culture dish. Each dish contained 10 ml of F12
medium without hypoxanthine supplemented with 1 ,uM
ouabain (Aldrich Chemical Co., Milwaukee, Wis.) and 10%
dialyzed fetal bovine serum (selective medium). After 14
days, colonies were isolated with cloning rings. Cells from
each colony were removed by trypsinization and grown in
selective medium without ouabain.
Chromosome preparation and cytogenetic analyses. Chro-

mosomes were prepared by standard techniques (45). Slides
were stored at room temperature for at least 1 week before
any staining procedures were used.

Alkaline Giemsa (G-11) staining was performed by a
modification of the procedure described by Alhadeff et al.
(1). Slides were immersed in freshly prepared 6% (vol/vol)
Giemsa in 50 mM sodium phosphate buffer (pH 11.3) for 5 to
6 min at 37°C and rinsed in distilled water. If differential
staining did not occur during this time interval, unstained
slides were dehydrated first with two changes of 1O0o
methanol and placed for 20 min in a drying oven maintained
at 99°C. Slides were allowed to cool to room temperature
before staining.
Chromosomes were banded by trypsin-Giemsa (GTG)

staining. Slides were rinsed in Hanks balanced salt solution
without calcium and magnesium, immersed in 0.2% (wt/vol)
trypsin in the above salt solution for 30 to 60 s, stained in 4%
(vol/vol) Giemsa in Gurrs buffer (pH 6.8) for 4 min, and
rinsed in distilled water.
Normal Chinese hamster chromosomes were numbered

according to the standard nomenclature proposed by Ray
and Mohandas (38). The nomenclature proposed by Deaven
and Petersen (16), Worton et al. (47), and Worton (44) was
used for describing structurally abnormal Chinese hamster
chromosomes.

Preparation of extracts. Cells were grown as monolayer
cultures in 850-cm2 roller bottles. Extracts were prepared by
lysing monolayer cells in situ by a modification of the
procedure described by Chang et al. (11). Cells were rinsed
twice with Dulbecco phosphate-buffered saline and once
with hypotonic solution (1 mM Tris-hydrochloride, 200 ,uM
2-mercaptoethanol, 20 ,uM EDTA) at 4°C. Hypotonic solu-
tion, warmed to room temperature, was then added, and the

cells were swollen for 2 to 3 min at room temperature. The
hypotonic solution was removed and replaced with 1 ml of
buffer A (50 mM Tris-hydrochloride, 10 mM 2-mercaptoeth-
anol, 1 mM EDTA, pH 7.4). Cells were lysed by scraping the
swollen cells with a rubber policeman. Cellular debris was
removed after centrifugation at 34,800 x g for 1 h at 4°C.
DHFR assay. DHFR was assayed by a modification of the

method described by Frearson et al. (21). The reaction
mixture (1 ml) contained 60 nmol of dihydrofolic acid (Sigma
Chemical Co., St. Louis, Mo.), 150 nmol of NADPH (Sig-
ma), 20 p.mol of 2-mercaptoethanol, various amounts of
KCl, and 100 mM potassium phosphate (pH 7.5), unless
indicated otherwise. A A_340 of 11,650 was used for the
conversion of dihydrofolic acid and NADPH to tetrahydro-
folic acid and NADP+, respectively (24).

Protein was determined by using the Bio-Rad protein
assay kit, which is based on the method reported by Brad-
ford (7).

RESULTS
Cytogenetic characterization of the hamster and human

cells used for somatic cell hybridization. The karyotype of the
DXB11 cell line (DHFR-/DHFR-) has been reported to be
different from other CHO sublines (33). In particular, the
marker Z2 chromosome, which has been characteristic of
most CHO cell lines examined previously (16, 44, 47), was
absent in DXB11 cells. The Z2 and number 2 chromosomes
have been shown to carry the CHO DHFR genes (19, 46;
Roberts et al., J. Cell. Biol. 87:288, 1981). Therefore, we felt
it was important to confirm that DXB11 cells lacked the Z2
chromosome.
GTG-banded chromosomes from 50 metaphase DXB11

cells were examined for the presence of the Z2 and number 2
chromosomes. The Z2 chromosome and a chromosome
designated as 2a were seen in 100% of the metaphase cells
examined. The 2a chromosome contains an interstitial dele-
tion of the short arm of a normal number 2 chromosome.
This deletion can be seen when one compares the p arm of
the 2a chromosome to the normal 2p arm of the Z2 chromo-
some (Fig. 1). The deletion in chromosome 2a seems to
include bands p25 and p26, according to the standard nomen-
clature proposed by Ray and Mohandas (38). Since the
DHFR gene has been mapped to the short arm (p) of
chromosome 2 (19, 46), it was possible that deletion of region
p25-÷p26 resulted in loss of the DHFR gene from chromo-
some 2a.
A representative karyotype from DXB11 (Fig. 1) shows 7

normal and 14 structurally altered hamster chromosomes.
The banding pattern of 19 of the chromosomes from DXB11
seems to be identical to that illustrated by Milbrandt et al.

1 1 2a Z2 Z4 W1 M1 W2 Z5 Z7 Z8 5 5p' 7p0 Z10 8 8 9 10 Z13 M2

FIG. 1. Representative karyotype of the DXB11 cell line. The normal Chinese hamster chromosomes have been numbered according to
the standard nomenclature proposed by Ray and Mohandas (38). Structurally abnormal hamster chromosomes have been designated
according to the system used by Deaven and Petersen (16), Worton (44), and Worton et al. (47). The Wl and W2 chromosomes represent the
t(Xp;Z3p) and (Z3q)p+ chromosomes, respectively, which have been described by Worton (44). The chromosomes designated as 2a, Ml, and
M2 have not been described previously. Chromosome 2a contains an interstitial deletion (p25--*p26) of the number 2 chromosome. The short
arm of the Ml chromosome appears to be derived from the long arm of the hamster number 6 chromosome. The origin of the M2 chromosome
is not clear.
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(33). However, the classification of nine of these chromo-
somes differs between the karyotype represented here (Fig.
1) and that shown by Milbrandt et al. (33). We believe that
the chromosome classified as an X by these workers is the
Z2 chromosome and that the two Z2 derivative chromo-
somes are the t(Xp;Z3p) and (Z3q)p+ chromosomes de-
scribed previously by Worton (44). Furthermore, the two
number 6 chromosomes identified by Milbrandt et al. (33)
have been identified here as the Z8 and 5p- chromosomes,
and the number 8, number 5, and Z5a chromosomes have
been classified by us as the Z10, Z5, and Z7 chromosomes,
respectively. It appears also that the number 2 chromosome
shown by Milbrandt et al. (33) is analogous to the 2a
chromosome represented here.
We have compared the DXB11 karyotype reported here

(Fig. 1) to the described karyotypes of other CHO cell lines.
Of the 14 marker chromosomes found in DXB11, 9 have
been described in other CHO cell lines (16, 44, 47). Further-
more, two other DXB11 marker chromosomes, 5p- and 7p-,
lack the short arm of the normal number 5 and 7 chromo-
somes, respectively. Thus, the variation in the DXB11
karyotype is no more extensive than that found between
other CHO sublines (44).
The CRL1475 cell strain had a 46,XY karyotype (data not

shown) as reported by the American Type Culture Collec-
tion.
Chromosomal assignment of the human DHFR gene. Cells

from DXB11 (DHFR-/DHFR-) were fused to either normal
human fetal skin fibroblasts (46,XY) from strain CRL1475
(fusion 1) or to fibroblasts from a patient with a reciprocal
translocation between the number 4 and 11 chromosomes
[46,XY,t(4;11)(q25;pl3] (fusion 2) as described below.
DHFR+ colonies were obtained at an average frequency of
4.1 x 10-5. No DHFR+ colonies were obtained from 106
fused DXB11 cells. Nineteen hybrid clones (17 from fusion
1, 2 from fusion 2) were isolated and maintained in medium
without purines for at least 2 months. This procedure select-
ed for hybrid cells that retained the human chromosome
carrying the DHFR gene while allowing the loss of other
human chromosomes to occur.
Chromosomes were prepared from each hybrid clone as

described in the text. The number of hamster and human
chromosomes in each hybrid cell line was determined by the
G-11 staining technique. This procedure has been shown to
stain hamster chromosomes magenta and human chromo-
somes blue (8, 22). Each hybrid clone contained two to three
genomic complements (2-3X) from DXB11 and various num-
bers of human chromosomes. The presence of a 2X comple-
ment of hamster chromosomes in human-hamster cell hy-
brids has been observed previously by Lai et al. (26). These
workers have attributed this phenomenon to the increased
stability of human chromosomes in a 2X CHO background.
Bobrow et al. (6) have shown that a red-staining area

occurs on specific areas of some G-11 stained human chro-
mosomes. These regions occur adjacent to the centromere
on the long arm of chromosomes 1, 5, 9, and 20 and on the
short arm of chromosomes 4, 7, 13, 14, 15, 17, 21, and 22.
This differential staining of human chromosomes was pre-
served in the interspecific somatic cell hybrids analyzed
here. Thus, we were able to identify many of the human
chromosomes present in the hybrids by G-11 staining alone
(Fig. 2A).
Each human chromosome was identified also after GTG

staining (Fig. 2B). The results of the G-11 and GTG staining
analyses for each hybrid clone (Fig. 3) show that chromo-
some 5 is the only human chromosome that complements the
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FIG. 2. Representative metaphase spreads from hybrid B6. (A)
Chromosomes were G-11 stained as described in the text. Human
chromosomes (-*), which stain blue, appear lighter in black and
white photographs than the hamster chromosomes, which stain
magenta. Human chromosomes that could not be identified by G-11
staining alone were classified as either C, D, E, or G group
chromosomes. (B) Chromosomes were banded with trypsin-Giemsa
as described in the text. Human chromosomes are indicated by the
arrows.

DHFR- phenotype of DXB11 cells.
Hybrid clones A5, A10, and B3 contained different termi-

nal deletions of chromosome 5. These deleted chromosomes
are shown in Fig. 4 along with a normal number 5 chromo-
some from hybrid B6 for comparative purposes. As de-
scribed earlier, the G-11 stained normal number 5 chromo-
some contains a red-staining area adjacent to the centromere
on the long arm. This red-staining area was useful for
determining the breakpoints of the structurally abnormal
chromosomes in the hybrid cells. Hybrid A5 contained only
the long arm of chromosome 5 as shown by the G-11- and
GTG-stained chromosomes in Fig. 4. Hybrid A10 contained
a translocation chromosome derived from part of the number
8 chromosome (pter--q11) and part of the long arm of the
number 5 chromosome (qll-.4q31). A dicentric chromosome
derived from a different part of the number 5 chromosome
(pter-*q22) was seen in hybrid B3. This derivative chromo-
some was classified as dicentric based on both its banding
pattern and the presence of two red-staining areas on the
representative G-11-stained chromosome (Fig. 4). The short-
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FIG. 3. Human chromosome distribution in CHO-human hybrid
clones. Hybrids Gl and G2 were obtained from fusion 2, and the rest
of the hybrids were obtained from fusion 1 as described in the text.
G-11- or GTG-stained chromosomes from at least 20 metaphase
spreads were analyzed for each hybrid clone. The average frequen-
cy per spread (X) for each human chromosome was recorded as
follows: U, X _0.30; N,0 <X < 0.30; 0, X = 0.

est region of overlap between the deleted chromosomes in
hybrids AS, A10, and B3 was qll--q22 (Fig. 5). These
results suggest that the DHFR gene resides within this
segment of chromosome 5.

Characterization of the DHFR produced by the hybrid cells.
The results above show that the qll-+q22 region of human
chromosome 5 complements the DHFR- phenotype of
DXB11 cells. Although this suggests that the qll-*q22

G-11 GTG

Hybrid B6

normal 5

Hybrid A5

5q

Hybrid A10

der(8;5)(8pter-qll::5q11r-q3l)

Hybrid AS-

q
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Hybrid B3

Hybrid A10O-'

FIG. 5. Idiogram of human chromosome 5 showing regional
assignment of the DHFR gene. Arrows indicate the locations of
breakpoints that occurred in human chromosome 5 from hybrids A5,
A10, and B3.

region contains the DHFR structural gene, it was possible
also that a gene or genes in this region activated the
expression of a hamster (DXB11) DHFR gene. To distin-
guish between these possibilities, we determined whether
the hybrids produced a DHFR enzyme of human or hamster
origin.
DHFR activities in crude cellular extracts were assayed as

described above. The DHFR' cell line CHO-Kl was used as
a source of hamster DHFR since DXB11 cells have been
shown to lack DHFR activity (41). The data in Table 1 show
that the CHO-Kl DHFR enzyme was activated by KCl, as
has been reported for other mammalian DHFR enzymes (4,
18, 23). Maximal stimulation of DHFR activity in the CHO-
Kl extracts occurred at about 400 mM KCl (Fig. 6). Jarabak
and Bachur (23) have shown that the DHFR enzyme from
other rodent cells responds similarly to KCl.
The DXB11 extract did not contain detectable DHFR

activity at pH 7.5, either with or without the addition of KCl
(Table 1). However, significant DHFR activity was seen at
pH 7.0. This activity was due to DHFR, since it was
sensitive to inhibition by 10 ,uM MTX (data not shown).
However, this activity was inhibited by KCI (Table 1), in
contrast to what was observed for the CHO-Kl DHFR and
for other mammalian DHFR enzymes (4, 18, 23). Thus,
DXB11 cells appear to produce an altered DHFR enzyme.
This enzyme apparently does not function well enough in
vivo to supply the cell with adequate tetrahydrofolate for
growth.
The specific activity of the human (CRL1475) DHFR

enzyme was about 30-fold lower than that ofCHO-Kl (Table
1). The results in Table 1 and Fig. 6 show that the human
DHFR enzyme was stimulated also by KCI; however, maxi-

Hybrid B3 lo

Hi
dic (5)(pter-q22::q22-pter)

FIG. 4. Representative G-11-stained and GTG-banded deriva-
tives of human chromosome 5. Chromosomes were stained with
either G-11 or GTG as described in the text. Human chromosomes
stain blue in G-11 and appear gray in black and white photographs.
The red-staining area that occurs adjacent to the centromere on the
long arm of a normal chromosome 5 appears darker than the rest of
the chromosome in black and white photographs.

TABLE 1. DHFR activities in hamster, human, and hybrid cells
DHFR activity'

Source pH 7.5, pH 7.0,
pH 7.5 150 pH 7.0 150

mM KCI mM KCI

CHO-Kl 4.03 5.89 3.60 5.34
DXB1l <0.01 <0.01 1.23 0.13
CRL1475 0.14 0.30 0.19 ND
Hybrid A8 0.20 0.49 0.57 0.43
Hybrid A10 0.21 0.52 1.55 0.42

a Nanomoles of dihydrofolate reduced per minute per milligram of protein
under the conditions shown. ND, Not determined.
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FIG. 6. Effect of KCI on DHFR activity in hamster, human, and

hybrid cells. DHFR activity was assayed at pH 7.5 in the presence
of the indicated concentrations of KCl as described in the text.
Relative DHFR activity is represented as the percentages of control
values (nanomoles of dihydrofolate reduced per minute per milli-
gram of protein), which were 4.03 for CHO-Kl (0), 0.14 for
CRL1475 (0), 0.20 for hybrid A8 (O), and 0.21 for hybrid A10 (U).

mal stimulation of DHFR activity occurred at 150 mM. A
salt optimum of 150 mM has been observed for a purified
DHFR enzyme from human KB cells (18). Therefore, the
human (CRL1475) and hamster (CHO-Kl) DHFR enzymes
differ significantly in their reponse to KCl. This allowed us to
distinguish between the production of human or hamster
DHFR in the hybrid cells. Furthermore, we were able to
determine whether the hybrids continued to express the
DXB11 DHFR gene by analyzing the salt sensitivity of
DHFR activity at pH 7.0.

Extracts from hybrids A8 and A10 contained significant
DHFR activity at pH 7.0, which was not stimulated by KCl
(Table 1). Thus, most of this activity seems to be repre-
sentative of that of DXB11. In contrast to the DXB11 cells,
however, the hybrid cells also contained DHFR activity at
pH 7.5. The specific activity of this enzyme was similar to
that of the human CRL1475 enzyme (Table 1) and showed a
response to KCl similar to that of the human enzyme (Fig.
6). Thus, extracts from hybrids A8 and A10 seem to contain
two distinct DHFR activities, one characteristic of that of
DXB11 (DHFR activity at pH 7.0 which was not stimulated
by KCI) and the other representative of the human CRL1475
enzyme (DHFR activity at pH 7.5 which was stimulated by
150 mM KCl). These results rule out the possibility that a
gene or genes on chromosome 5 has activated the expression
of a DXB11 DHFR gene.

DISCUSSION
Using a somatic cell hybridization approach, we have

demonstrated that human chromosome 5 complements the
DHFR- phenotype of DXB11 cells. Extracts from two of the
interspecific hybrids characterized in this study were shown
to contain two distinct DHFR activities. One activity was
characteristic of the altered DHFR enzyme found in the
DXB11 cells; the other activity showed properties similar to
those of the human (CRL1475) DHFR enzyme. These results
demonstrate that the human DHFR gene is located on
chromosome 5.
Maurer et al. (30), using a different approach, have report-

ed also that the human DHFR gene resides on chromosome
5. These authors used a human DHFR cDNA probe to
analyze genomic DNA from a panel of human-rodent soma-
tic cell hybrids. Human DHFR gene sequences were concor-
dant only with the presence ofhuman chromosome 5 in these
hybrid cells. These results, together with those reported
here, confirm the assignment of the human DHFR gene to
chromosome 5.

This assignment is interesting when one considers the
evolutionary relationship that has been observed between
human chromosome 5 and the long arm of hamster chromo-
some 2. Dana and Wasmuth (14) have shown that the order
of three genes (LARS, CHR, and EMT) has been conserved
on human chromosome 5 and the long arm of hamster
chromosome 2. As shown here, the human DHFR gene has
been assigned also to chromosome 5; however, the hamster
DHFR gene has been mapped previously to the short arm of
chromosome 2 (19, 46). Thus, our results, taken together
with those cited above, provide evidence for homology
between both the short and long arms of hamster chromo-
some 2 and human chromosome 5.
Three of the somatic cell hybrids described in this study

were shown to contain terminal deletions of human chromo-
some 5 (Fig. 4). An analysis of the breakpoints of these
deletions has allowed us to make a regional assignment of
the DHFR gene to the qll-+q22 region. The human EMT
and CHR genes have been assigned to region q23-+q35 and
band q35, respectively (14). This implies that the gene order
on the long arm of chromosome 5 is centromere-DHFR-
EMT-CHR. The inferred order of these genes on the hamster
number 2 chromosome is DHFR-centromere-EMT-CHR.
This suggests that a pericentric inversion involving the
DHFR gene occurred during the evolution of the human
number 5 and hamster number 2 chromosomes.
The LARS gene has been assigned to the pter-*qll region

of human chromosome 5 (14). Thus, the order of LARS and
DHFR on chromosome 5 is not clear at the present time.
Dana and Wasmuth (14) have characterized a series of
human-hamster tertiary somatic cell hybrids that contain
different terminal deletions of chromosome 5. These hybrids
have been classified as to whether they contain the human
LARS gene. DNA from these hybrids can be analyzed by
Southern blotting techniques with a human DHFR cDNA
probe (35) to determine which hybrids carry the human
DHFR gene. This may allow one to determine the order of
LARS and DHFR on the number 5 chromosome. Additional-
ly, this analysis may lead to a localization of the DHFR gene
to a more defined region of chromnosome 5.
Other work presented in this study suggests that the

hamster DHFR gene is located in the p25--p26 region of
chromosome 2. A cytogenetic analysis (Fig. 1) of the DXB11
(DHFR-/DHFR-) cell line has shown that an interstitial
deletion of region p25-*p26 occurred in an otherwise normal
number 2 chromosome. The DXB11 cell line was isolated
after gamma irradiation of UKB25 (DHFR+/DHFR-) cells
(41). Urlaub et al. (42) have shown that gamma irradiation
causes large deletions that span at least the entire length of
the DHFR gene (-26 kb) in most DHFR mutants. It is
conceivable, therefore, that gamma irradiation led directly to
deletion of region p25--p26 and to subsequent loss of the
DHFR+ gene in UKB25 cells. This would imply that the
DHFR gene is located in the p25--p26 region of chromo-
some 2. Two independent studies support this proposal.
First, abnormally banding regions containing amplified
DHFR genes have been found adjacent to band 2p25 in CHO
cell lines moderately resistant to MTX (27). Second, Flintoff
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et al. (19) have shown that breakpoints, all of which are at or
next to band p25, occur during the amplification and translo-
cation of DHFR genes to chromosome 5 in class III MTX-
resistant CHO cells. Thus, all of these studies show an
association between region 2p25-*p26 and DHFR gene
amplification or loss. If complete loss of a DHFR gene from
chromosome 2a occurred in DXB11 cells, the other DHFR
gene on chromosome Z2 should code for the altered DHFR
protein seen in DXB11 cell extracts (Table 1).

Urlaub et al. (42) have isolated several DHFR mutants in
which all DHFR gene sequences are deleted. It will be of
interest to determine whether deletions involving region
2p25-*p26 occur in other DHFR- cell lines. Additionally,
interspecific cell hybrids that segregate DXB11 chromo-
somes can be used to determine whether hamster DHFR
gene sequences are absent in hybrids that have segregated
the Z2 chromosome, but retained chromosome 2a.
The well-characterized deletions of human chromosome 5

and hamster chromosome 2 described in this study should be
useful for regionally mapping other genes assigned to these
chromosomes. A more complete map of both hamster chro-
mosome 2 and human chromosome 5 is needed before an
understanding of the exact evolutionary relationship of these
two chromosomes emerges.
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