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ABSTRACT

Severe combined immunodeficient (seid) C.B-17 mice are deficient in

variable (diversity) joining region recombination, the process of assem
bling the immunoglobulin and T-cell receptor genes from gene segments,
thereby creating much of the enormous diversity of antigen-binding ca

pacity, seid mice are also sensitive to ionizing radiation, as a result of their
deficiency in double-strand break repair. Here we report the complemen
tation of the radiation-sensitive seid phenotype by transferring human

chromosome 8 into seid cells. Somatic cell hybrids were generated by
fusing seid cells with human HT-1080 cells, resulting in radioresistant

hybrids with several human chromosomes. One of the identified human
chromosomes in the radioresistant seid cell line 4.61, which retains only
two human chromosomes, is a rearranged 8/21 translocation. Proof that
chromosome 8 confers the complementation was achieved by transferring
only human chromosome 8 into seid cells by microcell-mediated chromo

some transfer (scid/hu8 cell line). The presence of chromosome 8 in our
scid/hu8 cell line was monitored by fluorescence in situ hybridization and
polymerase chain reaction. We demonstrated the radioresistance of this
hybrid not only to high dose rate but also to low dose rate radiation. We
also showed that transference of human chromosome 8 to seid cells fully
complements the DNA double-strand break repair deficiency and the high
sensitivity of seid cells to radiation-induced chromosome aberrations.

Mapping the seid gene to human chromosome 8 is an important first step
in cloning the seid gene, which will enhance our understanding of double-

strand break repair pathways in humans.

INTRODUCTION

seid3 C.B-17 mice are profoundly deficient in both B-cell and T-cell

immunity (1). The wide spectrum of immune responses in vertebrates
is generated by the high variability in the antigen-binding proteins,
i.e., the immunoglobulins and the T-cell receptors. During lymphoid
differentiation immunoglobulin and T-cell receptor genes are as
sembled from variable, diversity, and joining segments by site-specific

recombination, thereby introducing enormous diversity. This process
is known as V(D)J recombination. V(D)J recombination does occur in
immature T and B lymphocytes of seid mice but is defective; no
coding junctions are formed and the formation of signal joints is
defective, introducing deletions (2, 3). The seid mutation has been
mapped to the centromeric region of mouse chromosome 16 and is
closely linked to the protamine genes and mahagnoid, a recessive coat
color marker (8).

Insight into the molecular characterization of the V(D)J recombi
nation pathway has been gained with the identification of recombi
nation-activating genes, RAG-1 and RAG-2, which stably activate
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V(D)J recombination in a N1H/3T3 fibroblast cell line (4, 5). Both
RAG-! and RAG-2 appear to be necessary in vivo for V(D)J recom

bination to occur (6, 7). These genes encode either components of the
V(D)J recombinase itself or regulatory factors involved in recombi
nation. The RAG genes and the seid locus map to different mouse
chromosomes, establishing that they are independent genes (8). Thus,
the seid gene does not encode the V(D)J recombinase but, rather,
encodes an essential factor involved in this recombination pathway.

We and others have recently described another characteristic of seid
mice, i.e., their hypersensitivity to ionizing radiation (9-11). Fibro-
blasts from seid mouse embryos are 2-3-fold more sensitive in vitro
to killing by ionizing radiation than are wild-type C.B-17 cells. All
tissues of seid mice are hypersensitive to y-irradiation or to other
agents that produce DNA double-strand breaks (10). This sensitivity
appears to be the result of a reduced level of DNA double-strand break

repair following ionizing irradiation. Thus, the seid mutation confers
a phenotype involving both severe immunodeficiency and a defi
ciency in DNA repair.

It is of fundamental importance in both basic research and the
clinical setting to study and understand the mechanisms involved in
the repair of ionizing radiation damage. Although ionizing radiation
produces a spectrum of lesions in the DNA of cells, there is compel
ling evidence that it is the double-strand break that is responsible for
cell killing by ionizing radiation (12-14). Characterization of mutant
cell lines defective in DNA double-strand break rejoining will aid in

the elucidation of the pathways involved in repairing damaged DNA.
Several radiosensitive mammalian mutants isolated in vitro that ex
hibit reduced double-strand break repair now exist, including the
Chinese hamster ovary cell lines XR-1 (12) and xrs (13) and murine

leukemic lymphoblast L5178Y cells (14). Recently, it has been shown
that the aforementioned Chinese hamster ovary mutants are also de
ficient in V(D)J recombination (15). However, the seid mutation in
mice remains unique, because it is the only exisiting in vivo model of
this dual defect producing radiosensitivity and immune deficiency.

Here, we report that the introduction of human chromosome 8 into
murine seid cells complements both the DNA repair defect and the
radiation sensitivity. We developed a low dose rate radiation assay
which allows the selection of radioresistant/complemented seid cells
with little or no survival of seid cells. Finally, we have confirmed
earlier work of Disney et al. (16) showing that chromosome aberra
tions occur with higher frequency Â¡nseid cells than in the parental
C.B-17 cell line, and we now demonstrate that human chromosome 8

also complements this defect.

MATERIALS AND METHODS

Cell Lines

A fibroblast seid cell line, scid/St, obtained in our laboratory (10), another
seid mouse fibroblast cell line, SC3T3W (obtained courtesy of David G. Schatz
and Marjorie A. Oettinger, Whitehead Institute for Biomedicai Research, Cam
bridge, MA), and the seid parent C.B-17 and its congenie strain BALB/c were

used in this study. All fibroblast cell lines and hybrid cell lines were grown in
Waymouth's medium (GIBCO) containing 15% fetal bovine serum (GIBCO).
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Human HT-1080 fibrosarcoma cells were grown in aMEM supplemented with

10% fetal bovine serum.

Somatic Cell Hybrids

For hybrid formation, human HT-1080 cells that had been previously trans-

fected with pSV2neo (containing the neomycin gene conferring resistance to
G418) were fused to seid fibroblasts using 45% polyethylene glycol 1000 and
10% dimethylsulfoxide in Â«MEMwithout serum. Equal numbers of each cell
line were fused, allowed 12 h to recover, and then plated in aMEM containing
serum, 500 /ig/ml G418, and 20 JAMouabain. Unfused HT-1080 cells were

intrinsically sensitive to 20 /UMouabain and unfused seid cells were eliminated
by G418, thus selecting for human/scid hybrid cells. After isolation, human/
seid cell hybrids were analyzed to evaluate their radioresistance and to deter
mine the amount of human chromosomes present. Self-crosses were also

performed so that appropriate controls were obtained for survival analysis.
seid/seid hybrids were generated either by transfecting seid cells with pSV2neo
and selecting for G418-resistant cells (scid-NEOR) or by transfecting cells with
pSVhyg and selecting for hygromycin-resistant cells (scid-HYGR). scid-NEOR
and scid-HYGR cells were fused to each other and hybrids were selected in the

presence of 500 fig/ml G418 and 200 ng/ml hygromycin.

Microcell-mediated Chromosome Transfer

The transfer into seid cells of specific human chromosomes (chromosomes
5, 8, and 11) tagged with the neo gene was achieved with microcell-mediated

chromosome transfer as described previously (17). Briefly, microcells derived
from mouse A9 microcell hybrids, containing one specific single human chro
mosome, were fused to recipient seid cells using polyethylene glycol as a
fusogen. The presence of the transferred chromosome in the recipient seid cells
was detected by selection of cells growing in G418-containing medium. Sur

viving hybrids were characterized in terms of phenotypic complementation of
sensitivity to killing by ionizing radiation and determination of the comple
menting chromosome by FISH and PCR analysis.

Characterization of the Complementing Chromosome by FISH and
PCR Analysis

FISH. Cells were collected in metaphase and chromosome spreads were
prepared as reported previously (18). The spreads were hybridized with either
total human DNA or human chromosome libraries (Lawrence Livermore Na
tional Laboratory, Livermore, CA) labeled by nick translation with biotin-

dATP (BRL, Gaithersburg, MD). In situ hybridization and analysis were per
formed as described previously (18-20).

PCR. Primers specific for human loci were used (40 pmol primer/reaction)
to verify the presence of a specific chromosome in the somatic cell hybrids and
in the microcell-mediated chromosome transfer hybrids. Table 1 contains a list

of the primers used. DNA from somatic cell hybrids, from the parental cell
lines seid and HT-1080, and from the microcell-mediated chromosome transfer
line scid/hu8 was isolated by a salting-out procedure (23). DNA (300 ng) was
amplified in 50- Â¡ilreactions with Amplitaq (Perkin Elmer Cetus) or with Taq
polymerase (Promega), according to the manufacturer's instructions, in a DNA
thermal cycler (Perkin Elmer Cetus). An initial denaturation of 3 min at 94Â°C
was followed by 30 cycles of amplification for 1 min at 94Â°C,2 min at 55Â°C,
and 2 min at 72Â°C,with a final extension of 20 min at 72Â°C.Aliquots (20 /xl)

of the reaction product were subjected to electrophoresis on a 1.5% agarose gel

in 0.4 MTris-HCl, 0.013 Msodium acetate, 0.0002 MEDTA, pH 8.0, and were

stained with ethidium bromide to visualize the amplification products.

Clonogenic Assays for Survival

G418-resistant cells of either the somatic cell hybrids, scid/HT-1080 cells,
or the microcell-mediated chromosome transfer hybrids were clonally propa

gated and exposed to irradiation to measure the extent of phenotypic comple
mentation.

Acute Dose Rate Irradiation. Exponentially growing cells were irradiated
typically with a 8-Gy dose of -y-rays (137Cs source, at a dose rate of 9.2

Gy/min); the cells were then rinsed, trypsinized, and plated into dishes. Ten
days later, cells were fixed and stained, and colonies containing 50 cells or
more were counted to determine clonogenic survival. Resistant cell lines
display a survival of >2 X 10~2, while sensitive cell lines have a survival
fraction of <10~4.

Low Dose Rate Irradiation. Cells in plateau phase were subjected to a low
dose of y-rays (137Cs source at either 12 cGy/h or 6 cGy/h) for a total dose of

up to 15 Gy, and the surviving fraction was determined as described above.

Asymmetric Field Inversion Gel Electrophoresis

The kinetics of rejoining double-strand breaks in seid, BALB/c, and seid/

hu8 cell lines after irradiation with 50 Gy were determined by asymmetric field
inversion gel electrophoresis, as described previously (10, 24).

Measurement of Chromosomal Aberrations

Chromosomal aberrations (dicentrics) were scored at first metaphase in
chromosome spreads from seid, C.B-17, and scid/hu8 cell lines irradiated at

varying doses ranging from 1 to 10 Gy. Metaphase spreads were obtained and
hybridized with a mouse centromere probe (obtained from Dr. U. Weier,
University of California, San Francisco) as described previously (18â€”20).

RESULTS

Development of Somatic Human/scid Hybrids. Human HT-1080

tumor cells, resistant to G418, were fused to seid fibroblasts, and
HT-1080/scid cell hybrids were selected in medium containing G418
and ouabain. Control fusions of seid/seid or HT-1080/HT-1080 cells
resulted in no surviving hybrids in the selective medium. Fig. 1, a-c,

represents a summary of the development of our somatic cell hybrids.
Initial human/scid hybrids contained several human chromosomes, as
depicted in a metaphase spread of these initial hybrids hybridized with
biotinylated total human genomic DNA (Fig. la). Fig. lÃ² shows a
metaphase spread of the subclone 4.61, a radioresistant hybrid, hy
bridized with total human biotinylated DNA. The number of human
chromosomes in this stable scid/human hybrid has been reduced to
two. Analysis of the human chromosomes present in these hybrids by
conventional cytogenetics failed to confirm the identity of the human
chromosome complementing the seid phenotype. However, FISH
analysis, using the individual human chromosome paint libraries,
suggested that one of the chromosomes was a 8/21 translocation with
rearrangements (Fig. le), which was confirmed by PCR analysis. Fig.

Table 1 List of primers used for PCR amplification to verify the chromosomal content of the hybrid cell lines

LocusLPLD8S87PENKD8S88D8S200D21S13SODI(Superoxide

dismutase)PRM
(prolamine)Chromosome

location8p228pll-128qll-I38q218q21-2321qll.221q22.116pl3.3Sizeof amplified product (basepairs)3401*18040|U(]32(151X1300Primer sequence and/orsource5'-GGAGAGCTGATCTCTATAAC5'-AAGCrCTCCCTGAATTGTGARef.

22ATCC"ATCCRef.

22ATCCS'-ACAAGTTTAATACCCATCT.V-ATATCTCTCTACTAGGATTRef.

21"
ATCC. American Type Culture Collection.
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Fig. I. FISH on metaphase spreads of seid and seid/human hybrids, a and b, FISH with total human genomic DNA, staining human chromosomes bright yellow/green, a, initial
scid/human somatic cell hybrids containing several human chromosomes; b, radioresistant scid/human hybrid 4.61 containing only two human chromosomes, c and d, FISH with a
chromosome 8 paint library, c, radioresistant scid/human hybrid 4.61, displaying a positive signal (arrowhead) on parts of one human chromosome; d, scid/hu8 hybrid (obtained by
microcell-mediated chromosome transfer), displaying chromosome 8. e and /, FISH with a centomeric probe following irradiation with 5 Gy. e, seid cell, displaying four dicentrics

(arrowheads); f, scid/hu8 cell, displaying two dicentrics.

2, lower two panels, shows the PCR amplification from DNA isolated
'from hybrid 4.61 of two chromosome 21 loci (SODI and D21S13)

and of the chromosome 8 locus PENK.
Phenotypic Complementation of seid by Human Chromosome

8. To obtain confirmation of the identity of the human chromosome
complementing the seid phenotype, we used a second method, micro-
cell-mediated chromosome transfer, delivering one specific human

chromosome into seid cells. Transfer of single chromosomes 5, 8, and
11 was achieved, several individual clones were isolated, and each
was tested for radiation resistance. All subclones of seid cells con

taining human chromosome 8 (scid/hu8) became radioresistant, while
seid cells containing human chromosomes 5 or 11 remained radio
sensitive (Table 2), indicating that the transfer of human DNA alone
is not sufficient for complementation. As a more stringent test for
complementation we tested the scid/hu8 cell line for radiosensitivity
to low dose rate radiation. Fig. 3 shows the survival curves of plateau-
phase C.B-17 and seid cells. While virtually no killing of C.B-17 cells

occurred with this constant low dose rate radiation, even after 5 days
with accumulation of 15 Gy, the surviving fraction of seid cells was
reduced to approximately 10~6. The chronic exposure to low dose
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LPL

D8S88

PENK

D21S13 I'RM

Fig. 2. Analysis by PCR of Ihc human chromosomal content of scid/human hybrids.
Amplification products for HT-1080 cells as a positive control, for scid/hu8 cells, for seid
cells as a negative control (no amlification from mouse DNA), and for the somatic cell
hybrid 4.M are shown. Each panel shows amplification for two loci, separated by a lane
containing a DNA size marker.

Table 2 Radiation sensitivity of sciti cells containing single human chromosomes
transferred hv microeell-medialed chromosome transfer

Cell lines displaying a survival fraction of <10~4 were considered sensitive, while cell
lines with a survival of >2 X 10~2 were considered resistant.

No. of cell lines

Microcellhybridscid/0

(control)scid/hu5scid/huKscid/hullResistant0/3(10/56/60/6Sensitive30/305/50/66/6

radiation thus uncovers the differential sensitivity of seid and C.B-17

cells in an optimal manner. These experiments were repeated with a
different source of low dose rate radiation, generating only 6 cGy/h,
and including scid/hu8 cells. As Fig. 3 shows, the survival fractions
for C.B-17 and seid cells were directly comparable to those obtained

in the first experiment, although the cells had to endure twice the time
under less than optimal conditions (moisture and CO2 concentration
could not be kept as constant in the warm chamber used for this
experiment). The surviving fraction for scid/hu8 cells indicated radio-
resistance comparable to the levels found in C.B-17 cells, showing the

complete restoration of radioresistance by human chromosome 8 un
der these conditions.

The chromosomal content of scid/hu8 cells was examined by FISH.
Metaphases of scid/hu8 cells were hybridized with biotinylated total
human DNA. Only one human chromosome was visible, indicating
that one specified human chromosome alone had been transferred into
seid cells. This chromosome was also painted brightly with the chro
mosome 8 probe, as shown in Fig. \d, confirming the identity of this
chromosome. Hybridization conditions were chosen that eliminated
staining of chromosomes other than chromosome 8 in human meta-

phases used as controls. The chromosomal content of scid/hu8 was
verified on a more specific level by amplification of the following loci
spanning chromosome 8: LPL, D8S87, D8S88, D8S200, and PENK, as
shown in Fig. 2. Amplification products of the expected size for these
loci could be detected in scid/hu8 cells and in HT-1080, a human cell

line used as a positive control, but not Â¡nseid cells (Fig. 2). This
indicates that human chromosome 8 had been transferred into seid
cells completely and apparently without any major rearrangements.

Double-Strand Repair Kinetics. After establishing that the trans

fer of human DNA into seid cells restored the radioresistance to
normal (C.B-17-like) levels, we determined whether the capability of
rejoining double-strand breaks was also restored. To examine the

phenotypic complementation for this underlying defect in the initial
scid/human hybrids, we quantitated the rejoining of double-strand

breaks in scid/human hybrids in comparison with seid and BALB/c
cells. Using asymmetric field-inversion gel electrophoresis following
y-irradiation, it has been shown that the release of DNA from the wells

of the gel is dose dependent and can be used as a quantitative mea
surement of the amount of double-strand breaks (24, 25). We found

that the total numbers of initial breaks produced were similar in seid
cells, BALB/c cells, and the scid/human hybrids. The kinetics of
double-strand rejoining are displayed in Fig. 4. The rejoining kinetics

for both BALB/c cells and the scid/human hybrids were equivalent,
with about 85% final rejoining after 24 h. In comparison, the final
rejoining of double-strand breaks in seid cells after 24 h was <40%.

Chromosome Aberrations. It is generally believed that double-

strand breaks can lead to chromosome breaks/aberrations, resulting in
cell death. As an additional test of the ability of human chromosome
8 to complement the seid phenotype, we measured dicentrics at first
metaphase as a function of radiation dose in seid cells, C.B-17 cells,
and scid/hu8 hybrid cells. On average, 65 metaphases of seid, C.B-17,

and scid/hu8 cells, derived from two independent irradiation experi
ments, were scored for each dose. Fig. 1, e and/, shows two examples
of dicentric chromosomes visualized by FISH with a biotin-labeled

mouse centromeric probe in seid and scid/hu8 metaphases after irra
diation with 5 Gy. While the seid chromosome spread displays four
dicentric chromosomes (Fig. le), only two dicentric chromosomes
can be detected in the scid/hu8 spread (Fig. I/). A quantification of
these results can be seen in Fig. 5, which shows dicentrics per cell as
a function of y-irradiation. The data for both seid and C.B-17 cells
were fitted by the linear-quadratic dose-response curve equation
/ = ctD + ÃŸD2,where / is the incidence of dicentrics, D is the dose,

and a and ÃŸare constants (26). The seid cells were approximately 3
times more sensitive to the induction of dicentrics than were the
C.B-17 cells, and the introduction of human chromosome 8 comple

mented this radiosensitive phenotype.

DISCUSSION

The seid defect in mouse has been mapped to chromosome 16 in
close linkage to the protamine genes (8). In humans the two protamine
genes also map to chromosome 16 (27). Because linkage groups are

RADIATION DOSE (Gy)

Fig. 3. Clonogenic cell survival after low dose rate irradiation of seid, C.B-17, and
scid/huS cells irradiated in plateau phase.
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BALB/c

seid/human hybrid

TIME (HR)
Fig. 4. Percentage of DNA double-strand break rejoining as a function of repair time

for seid, seid/human somatic cell hybrid, and BALB/c cells after irradiation with 50 Gy.
Values were derived from two independent experiments with two observations at each
time point. Error bars, standard error.
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RADIATION DOSE (Gy)
Fig. 5. Chromosome aberrations (dicentrics) as a function of dose in seid, C.B-17, and

scid/hu8 cells. Computer-generated best fits to the equation dicentrics/cell = otD + ÃŸD2
yielded values for a of Ãœ.57Â±0.06 (seid cells) and 0.20 Â±0.06 (C.B-17 and scid/hu8
cells) and corresponding values for ÃŸof 0.031 Â±0.016 (seid cells) and 0.005 Â±0.006
(C.B-17 and scid/hu8 cells). The chromosome number of C.B-17 cells was normalized to
the seid chromosome number.

often conserved in phylogeny, chromosome 16 constituted a candidate
chromosome for complementing the seid defect. However, we
screened our radioresistant somatic scid/human hybrids for the pres
ence of human chromosome 16 by FISH and for the presence of the
protamine genes by PCR, with negative results (see Fig. 2). In con
trast, in this report we show that the presence of human chromosome
8 complements the seid defect. The transfer of human chromosome 8
by microcell-mediated transfer and the translocated 8/21 chromosome

in our somatic scid/human cell hybrids resulted in phenotypic comple
mentation of the radiosensitivity for cell survival, for the induction of
chromosome aberrations, and for the defect in double-strand break

rejoining. Chromosome 21 presented an unlikely candidate, because it
is well characterized and most of chromosome 21 is syntenic to the
telomeric region of mouse chromosome 16 but not to the centromere,
to which seid maps.

No synteny between mouse chromosome 16 and human chromo
some 8 has been described previously. Most probably, this is due to
the fact that human chromosome 8 is one of the more poorly mapped
human chromosomes. Several loci spanning the proximal half of the

short arm of human chromosome 8 seem to be contained in a synteny
group from mouse chromosome 8 (28, 29). The telomeric end of the
long arm of human chromosome 8 is a conserved region mapping to
chromosome 15 in mouse. The PENK locus has been mapped to 8ql3,
close to the centromere on the long arm (22, 30). Because this locus
is present in our radioresistant scid/human hybrids, we speculate that
the human gene for seid is located on the long arm of chromosome 8,
close to the centromere. However, because our somatic cell hybrids
did not contain chromosome 8 DNA in one contiguous piece, this
localization remains speculative and has to be confirmed with more
experiments. During the preparation of this manuscript, we became
aware of independent confirmation of this work by Itoh et al. (31),
who mapped the seid defect to human chromosome 8 by studying
somatic cell hybrids with conventional G-banding methods, and by

Kurimasa et al. (32), who also mapped the seid defect to human
chromosome 8 by using microcell-mediated chromosome transfer and

reported a centromeric localization.
The introduction of human chromosome 8 into seid cells comple

mented the radiosensitive phenotype of these cells when they were
exposed to acute dose rate irradiation. However, an additional defect
in seid cells is their inability to repair potentially lethal damage when
they are irradiated in the plateau phase of growth (10). Other authors
have published similar results for radiation-sensitive strains and their

parental lines (33, 34). We therefore postulated that the difference
between the radiosensitivity of wild-type C.B-17 and seid cells would

be amplified if the cells were irradiated in plateau phase with con
tinuous low dose rate irradiation. This proved to be the case (Fig. 3).
Furthermore, we found that the scid/hu8 cell line was fully radiore
sistant to this low dose irradiation, showing that this more stringent
test of radiosensitivity was also complemented by human chromo
some 8.

Studying the radiosensitivity of seid not only at the DNA level but
also at the chromosomal level provides insights into the molecular
parameters determining radiosensitivity. We have shown here that our
scid/human somatic cell hybrids repair radiation-induced double-

strand breaks as efficiently as do BALB/c cells, a strain congenie to
C.B-17. These results further strengthen the association between ra
diosensitivity and double-strand rejoining.

Irradiated seid fibroblasts displayed a 3-fold higher number of
chromosome aberrations in the form of dicentrics than did C.B-17 and

scid/hu8 hybrid cells. Disney et al. (16) also reported higher frequen
cies of intra- and Â¡nterchromatid exchanges in irradiated seid fibro

blasts and bone marrow cells. Interestingly, those authors did not
observe a decrease in the number of chromatid breaks or gaps between
4 and 24 h in seid cells, whereas in their normal controls they saw such
a decrease. It has been speculated that free DNA ends need to be
stabilized to enable repair later (35). The seid phenotype thus could
result either from the lack of such a stabilizing component for broken
DNA ends after the initial damage occurred or from the inability to
resolve such a stabilized complex. The observed higher frequencies of
chromosome aberrations in seid cells might indicate a persistence of
unrejoined/unstabilized ends that might interact with other broken
ends in a misrepair manner, leading to chromosome aberrations. How
ever, recent experiments in thymocytes of seid mice (36) and in an in
vitro system (37) indicate that the formation of coding joints during
V(D)J recombination involves the interim formation of a hairpin,
suggesting that seid cells might not be able to resolve this complex.
Additional experiments and especially cloning of the gene underlying
the seid defect will be needed to elucidate the mechanisms of DNA
repair and its consequences for chromosome breaks and aberrations.

In summary, we have shown that human chromosome 8 comple
ments the radiation-induced phenotype of seid cells. Human chromo

some 8 not only restores the radioresistance of seid cells, to both acute
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and chronic irradiation, to that of wild-type cells, but also comple
ments the double-strand break repair defect and the increased sensi

tivity to chromosomal aberration formation in seid cells. We therefore
demonstrated a strong correlation between the repair of double-strand

breaks, chromosome aberrations, and cell survival. In addition, we
have developed a low dose radiation selection for seid cells which
allows the selection of radioresistant clones. This provides a system
with stringent selection for cloning the seid gene from human chro
mosome 8 by phenotypic complementation.
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