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ABSTRACT The mutagen-sensitive CHO line irslSF was
previously isolated on the basis of hypersensitivity to ionizing
radiation and was found to be chromosomally unstable as well
as cross-sensitive to diverse kinds of DNA-damaging agents.
The analysis of somatic cell hybrids formed between irslSF
and human lymphocytes implicated a human gene (defined as
XRCC3; x-ray repair cross-complementing), which partially
restored mitomycin C resistance to the mutant. A functional
cDNA that confers mitomycin C resistance was transferred to
irslSF cells by transforming them with an expression cDNA
library and obtaining primary and secondary transformants.
Functional cDNA clones were recovered from a cosmid library
prepared from a secondary transformant. Transformants also
showed partial correction of sensitivity to cisplatin and
y-rays, efficient correction of chromosomal instability, and
substantially improved plating efficiency and growth rate.
The XRCC3 cDNA insert is -2.5 kb and detects an -3.0-kb
mRNA on Northern blots. The cDNA was mapped by fluores-
cence in situ hybridization to human chromosome 14q32.3,
which was consistent with the chromosome concordance data
of two independent hybrid clone panels.

DNA repair is a universal process in living cells that maintains
the structural integrity of chromosomal DNA molecules in the
face of damage arising from environmental insults, as well as
from normal metabolic processes. Considerable progress has
been made in identifying genes in human cells that determine
DNA-repair pathways, especially nucleotide and base excision
repair. Nucleotide excision repair (NER) is responsible for
removing most types of bulky chemical adducts and the major
photoproducts arising from UV radiation. The excision prod-
uct is an oligonucleotide 27-29 bases in length (1). Base
excision repair acts on smaller lesions including (m)ethylated,
oxidized, and depurinated bases, as well as nonligatable breaks,
and results in a repair patch of one or several nucleotides (2, 3).
The use of mutant cell lines assigned to genetic complementation
groups has been the main approach to identifying the individual
enzymatic steps of the NER pathway (4).

In rodent cells a wide variety of mutants showing sensitivity
to ionizing radiation have been reported, and many of these
mutants have complex phenotypes showing sensitivity to other
kinds of DNA-damaging agents (5). The analysis of these
mutants and their complementing genes holds considerable
promise for identifying components of mammalian DNA
repair that remain poorly understood. Mutants isolated on the
basis of hypersensitivity to one agent have often shown much
greater sensitivity to other agents. An example is the CHO
mutant irslSF that was isolated as a moderately (2-fold) x-ray-
sensitive mutant (6) but was found to have cross-sensitivity toUV
radiation (2.5-fold), ethyl methanesulfonate (2.3-fold), campto-
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thecin (5-fold), and the cross-linking agents mitomycin C (MMC),
cisplatin, nitrogen mustard, and melphalan (all 20- to 60-fold)
(refs. 6 and 7 and results presented here). irslSF was also reported
to have '50% reduced efficiency of both single-strand break
rejoining and repair replication, elevated spontaneous chromo-
somal aberrations (10-24% abnormal cells), hypomutability in
response to x-rays, but a normal baseline for sister chromatid
exchange (6). We describe here the cloning of a cDNA sequence
that corrects x-ray and cross-linking sensitivities, as well as
spontaneous chromosomal aberrations of irslSF, and we have
localized the corresponding gene to human chromosome 14q32.3.

MATERIALS AND METHODS
Cell Culture and Mutagen Exposure. Wild-type CHO AA8,

irslSF, and transformants (TFs) were cultured in monolayer or
suspension at 37°C as described (8). Cell survival curves in the
presence of MMC or cisplatin were obtained by exposing
exponentially growing 10-ml cultures of 105 cells to the drug at
37°C for 1 h in suspension. Treatment was terminated on ice,
and the cells were centrifuged and resuspended in fresh
medium for plating. Plating efficiency was assessed in triplicate
10-cm dishes (300 cells each), and survival was measured by
using triplicate dishes with various inocula. Cells were exposed
to 137Cs 'y-rays in 15-ml polystyrene tubes at 104 cells per ml in
10 ml of medium at a dose rate of 2.83 Gy/min. Cells were kept
on ice before and after exposure until they were plated. Dishes
were incubated sufficiently long to allow the majority of
colonies to be clearly macroscopic in size-plates exposed to
high doses were incubated longer than those exposed to low
doses. For chromosome aberration analysis, colcemid was
added to 0.1 ,ug/ml to cultures 4 h prior to harvest. The cells
were then fixed three times in methanol/acetic acid (3:1,
vol/vol), dropped onto slides and air dried. After aging for
several days, the slides were stained in 5% Giemsa and coded.
DNA Transfections. The human cDNA expression library in

vector pEBS7 (9) was isolated by using Qiagen column chro-
matography (Qiagen, Chatsworth, CA). Calcium phosphate/
DNA precipitates containing 15 ,ug (fraction 2, 2-4 kb) of this
DNA were used to transfect irslSF cells in 10-cm dishes (4 x
106 cells per dish) as described (10). Cells were then incubated
for a 48-h expression period (approximately two doubling
times for irslSF; see Table 1), trypsinized, and plated at 1 x
106 cells per dish in 25 ml of medium containing 15 nM MMC
(Sigma) and 70 ,g of hygromycin B (Calbiochem) per ml.
Secondary transfections were done by using precipitates con-
taining 25 jig of high molecular weight genomic DNA (from
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TF F2.bl) per dish with 2 x 106 irslSF cells. Electroporation
was used to test cosmid and plasmid clones for correcting
activity; 6 x 106 irslSF cells were electroporated (BRL Cell
Porator) with 10 ,ug of cosmid DNA or 5 ,ug of pXR3 plasmid
(see below) DNA at 230 V/1600 ,F.
Cosmid Library Construction and Screening. Vector Su-

perCos 1 was prepared according to the manufacturer's sug-
gestions (Stratagene). Genomic DNA from secondary trans-
formant 2T.4 was prepared as described (11) and ligated to
SuperCos 1 arms. The ligation mixture was packaged accord-
ing to the manufacturer's protocol by using Gigapack II Gold
packaging extract (Stratagene). Packaged cosmids were used
to infect host bacteria DH5aMCR, which were then spread
onto filters (Whatman HATF045) on 15-cm dishes containing
Luria broth and 50 ,ug of kanamycin sulfate (Boehringer
Mannheim) per ml at 8 x 104 colony-forming units per dish.
Colonies were lysed, and the DNA was fixed to the filters as
described (8). PCR primers 5'-CTCTCGGAGGGCGAA-
GAAT and 5'-AGATGTTGGCGACCTCGTAA were used
to synthesize a 616-bp hygromycin gene fragment, which was
labeled by using random primers (Boehringer Mannheim) and
used to probe the cosmid library.
Cosmid Analysis. Cosmid DNAs digested with restriction

enzymes were separated by electrophoresis through a 0.8%
agarose gel and analyzed by Southern blotting as described
(11) with minor modifications. Oligonucleotides 5'-CTA-
GAGAACCCACTGCTTAACTGGC and 5'-TGTCACAC-
CACAGAAGTAAGGTTCC (located 5' and 3', respectively,
of the cloning site in vector pEBS7) were 32P-labeled according
to the manufacturer's protocol (Boehringer Mannheim),
passed through a Worthington G-50 spin column (Cooper
Biomedical), and used to probe the membranes. Hybridization
was for 6 h at 40°C followed by washing the filters three times
in 2x SSC/1% SDS at room temperature for 5 min, two times
in 2x SSC/1% SDS at 55°C for 30 min, and one time in 2x SSC
at room temperature for 5 min (1x SSC is 0.15 M NaCl/0.015
M sodium citrate, pH 7.0).

Production and Chromosome Content Analysis of Somatic
Cell Hybrids. The methods used to fuse irslSF cells with
human lymphocytes and select for complementing hybrids
were similar to those used for the CHO mutant UV20 (12).
MMC-resistant hybrids (1SHL series) were analyzed by a
combination of isozyme and Southern blot analyses of 42
chromosomally assigned protein and DNA markers represent-
ing all autosomes and the X chromosome as described (13) to
determine which human chromosome was associated with
MMC resistance.
Mapping of Isolated cDNA with Somatic Cell Hybrid Pan-

els. Southern blot hybridization with the cloned cDNA (pXR3)
as the probe against the genomic DNA of a 17-member hybrid
clone panel informative for all human chromosomes was
performed. Hybrids and methods were described (14), and the
same probe and methods were used on blots containing DNA
from a subset of MMC-resistant 1SHL hybrids.

Regional Assignment of Isolated cDNA by Fluorescence in
Situ Hybridization (FISH). FISH was performed on normal
human lymphocytes using pXR3 as the probe. Two-color FISH
was also performed by competitive cohybridization with la-
beled cDNA probe along with differentially labeled chromo-
some 14-specific probe generated by inter-Alu PCR (15) from
hybrid MHR14 [monochromosomal for human chromosome
14 (16)]. Signal detection and amplification were performed for
biotin-labeled probes by using fluorescein isothiocyanate conju-
gated avidin and anti-avidin antibody from Oncor. Digoxigenin-
labeled probes were detected with rhodamine-tagged anti-
digoxigenin antibody (Oncor) and rabbit anti-sheep antibody as
required for amplification as per manufacturer's instructions.
Slides were counter stained with propidium iodide/antifade or
4',6-diamidino-2-phenylindole (DAPI)/antifade, examined with
a Nikon fluorescence microscope equipped with a multiple-pass

filter, and photographed without image processing onto Kodak
Ektachrome 160 slide film as described (17).

RESULTS
Cloning a Functional cDNA That Confers MMC Resistance

to irslSF. We exploited the MMC sensitivity of mutant irslSF
to clone the complementing cDNA by transfecting cells with a
cDNA expression library in pEBS7, which carries the gene for
hygromycin resistance and the cytomegalovirus viral promoter
for the cDNA (9). Since pEBS7 may not replicate episomally
in hamster cells, it was used as an integrating vector. Trans-
fected irslSF cells were selected in medium containing 70 ,ug
of hygromycin per ml and 15 nM MMC. From the equivalent
of 4.7 x 105 hygromycin-resistant TFs, two colonies showing
significant MMC resistance were isolated. Genomic DNA was
isolated from one primary TF (F2.bl) and used in a secondary
transformation to obtain four MMC-resistant clones from 2.7
x 108 transfected cells selected in MMC and hygromycin.
Transformants were analyzed by Southern blotting, and sec-
ondary TF 2T.4 showed a single BamHI restriction fragment
when probed with the hygromycin gene, while the primary TF
F2.bl contained multiple bands (results not shown). Genomic
DNA from TF 2T.4 was used to construct a cosmid library,
which was probed with a 616-bp fragment of the hygromycin
gene. Since the hygromycin gene is located <1.5 kb from the
cDNA insert in vector pEBS7, it served as a linked marker for
detecting cosmids likely to carry the functional cDNA. From
1.4 x 106 cosmid clones screened, seven positives were puri-
fied. All four positive cosmids that were tested by electropo-
ration into irslSF conferred resistance to MMC at a frequency
of 2-5 x 10-4 per viable cell (results not shown; background
frequency <10-7).
To obtain a small restriction fragment carrying the func-

tional cDNA, we digested one cosmid (XR3-18) with several
restriction enzymes and tested the fragmented DNAs for
correcting activity. Several digests were active, including that
from Eag I digestion, which gave a transfection frequency of 6
X 10-5 per viable cell (results not shown). We also probed the
digested DNAs on Southern blots with oligonucleotide primers
flanking the cDNA insert (results not shown). A 4.1-kb Eag I
fragment was found to possess correcting activity when sub-
cloned into plasmid pSLl180 (Pharmacia) to give construct
pXR3, which retains the cytomegalovirus promoter of pEBS7.
On the basis of the location of Eag I sites in the pEBS7 vector
sequence, we deduced that the cDNA insert was -2500 bp in
length. A Northern blot, prepared by using a 2.2-kb Sac
I-BamHI subfragment of the Eag I fragment, showed the
presence of a band at - 3.0 kb in human poly(A)+ RNA but not
total RNA (Fig. 1, lanes 1 and 2), which was consistent with the
possibility that the complete open reading frame of the cDNA
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FIG. 1. Northern blot of hu-
man and mouse RNA. The blot
was probed with a 2.2-kb Sac
I-BamHI fragment isolated from
the 4.1-kb Eag I fragment of cos-
mid XR3-18. Lane 1, human total
RNA; lane 2, human poly(A)+
RNA; lane 3, mouse poly(A)+
RNA. The position of the 3-kb
hybridizing fragment in human
poly(A)+ RNA is marked by an
arrow.

Genetics: Tebbs et al.



Proc. Natl. Acad. Sci. USA 92 (1995)

0)1

Cl)

0.01

0.1 1 10

MMC, zM x 1 h

FIG. 2. Correction of sensitivity to MMC in transformants and
hybrids of irslSF. o, irslSF; O, primary TF F2.bl; 0, secondary TF
2T.4; a, cosmid TF CXR3; *, plasmid TF PXR3; , wild-type AA8;
and open and closed crosses refer to hybrids 1SHL-20 and 1SHL-16,
respectively. Three to five experiments were done for all lines except
the plasmid TF (two experiments) and the hybrids (single experiment).

was present. In mouse poly(A)+ RNA (Fig. 1, lane 3), a band
was observed at 5.5-6.0 kb.

Degree of Correction of irslSF Transformants. TFs were
tested for correction of cell survival in response to three
agents. Correction, defined in terms of dose-reduction factor,
was assessed by comparing the dose of the agent which results
in a 10% survival rate of the TFs with that of mutant and
wild-type AA8 cells (18). All TFs showed partial correction
with all agents. With MMC, correction ranged from 0.07 (7%)
for the primary TF to 0.14 for a pXR3 plasmid TF, line PXR3
(Fig. 2). We also tested two MMC-resistant somatic cell hybrid
lines (see next section), which had values of 0.13 and 0.28.
Thus, the correction efficiency in hybrids, which should be
carrying an intact gene, was not appreciably better than in
several TFs. With cisplatin, correction was somewhat higher
than with MMC, ranging from 0.17 for the primary TF to 0.29
for the cosmid TF (Fig. 3). With y-rays, correction appeared
even higher, ranging from 0.21 for the primary TF to 0.42 for
the cosmid TF (Fig. 4).
The growth properties of the TFs were also substantially

improved as shown in Table 1. Plating efficiency approached
that of AA8 cells, which suggested that there might be a
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FIG. 3. Correction of sensitivity to cisplatin in transformants. The
cell lines analyzed are identified by the symbols as defined in the
legend to Fig. 2. Error bars represent standard deviations for two or
three experiments.

a
0

i 0.1

.0

2

cm

4 6
137Cs exposure, Gy

FIG. 4. Correction of sensitivity to 137Cs y-rays in transformants.
The symbols are as defined in the legend to Fig. 2; one experiment is
shown.

reduction in spontaneous chromosomal aberrations. Table 2
confirms this prediction and shows that the high level of
chromosomal aberrations in irslSF was corrected from 72% in
the primary TF to 100% in the cosmid TF, determined on the
basis of the percentage of cells having aberrations other than
gaps. It is noteworthy that chromatid gaps, as opposed to true
breaks, remained elevated in TFs. This very efficient correc-
tion of spontaneous breaks and exchanges contrasts with the
much lower correction values measured by survival curves in
response to cross-linking agents and y-rays.
Chromosomal Localization ofXRCC3. Fusion of irslSF with

human lymphocytes resulted in the selection of 28 independent
MMC-resistant, 1SHL hybrid clones. The expectation was that
every hybrid should contain the human chromosome that
carried the gene conferringMMC resistance, which we defined
asXRCC3 (for x-ray repair cross-complementing). All hybrids
retained one of the two markers for human chromosome 14
(CKB at 14q32.3). The other marker for chromosome 14 (NP
at 14q11.2) was present in all hybrids but one (1SHL4). All
other chromosomes segregated randomly. Therefore, XRCC3
was provisionally assigned to chromosome 14, likely distal to
14ql1.2. Unlike our mapping studies with other genes, we were
unable to obtain sensitive subclones from resistant hybrids
grown under nonselective conditions. In view of the data in
Table 1, we interpret this result as likely due to a selective
growth disadvantage for TFs that have lost XRCC3.
To determine whether pXR3 is a cDNA representing the

XRCC3 gene defined in the complemented hybrids, it was used
as probe on Southern blots containing BamHI-digested
genomic DNA of a 17-member hybrid clone panel informative
for all human chromosomes (14). The cDNA identified a
human-specific 8-kb BamHI restriction fragment (data not
shown). Concordant presence or absence of this band with
chromosome 14 was observed for all hybrids except one (6%

Table 1. Improved plating efficiency and growth rate
of transformants

Cell line Plating efficiency* Growth ratet
irslSF 0.45 ± 0.03 22.5 ± 0.8
Primary TF (F2.bl) 0.75 ± 0.05 17.0 ± 0.2
Secondary TF (2T.4) 0.79 ± 0.05 17.0 t 0.5
Cosmid TF (CXR3) 0.82 ± 0.08 16.7 ± 0.7
Plasmid TF (PXR3) 0.80 ± 0.04 17.8 ± 0.4
Wild-type AA8 0.84 ± 0.09 12.3 ± 0.6

*Mean ± SD of four to six experiments.
tValues represent the doubling time in h (mean ± SD of six mea-
surements in suspension culture).
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Table 2. Correction of spontaneous chromosomal aberrations in XRCC3 cDNA transformants

Abnormal Chromosome
cells* exchanges % correction of

(excluding Chromatid Chromatid Chromosome (dicentrics Chromatid Chromosome abnormal cells
Cell line gaps)t breaks exchanges breaks and rings) gaps gaps (excluding gaps)i

irslSF 27 16 13 4 0 37 8 0
Primary TF (F2.bl) 9 7 1 1 2 20 2 72
Secondary TF (2T.4) 4 0 0 3 1 11 1 92
Cosmid TF (CXR3) 2 1 0 0 1 19 2 100
Wild-type AA8 2 1 0 0 1 6 1 100

*A total of 100 cells were scored for each line.
tGaps are defined as chromosomal discontinuities that are less than the width of a chromatid.
tPercentage correction was calculated by using the formula: [100 - (ATF - AAA8)] X 100/(Ai1sSF - AAA8), where ATF, AAA8, and AirSISF are
the percentage of abnormal cells in transformant, AA8, and irslSF cells, respectively.

discordance). Discordances between the fragment and all
other human chromosomes ranged from 24% to 65%. A
second experiment was performed by using the same probe on
blots containing DNA from seven 1SHL hybrids (including the
exceptional hybrid 1SHL4) that all had some portion of human
chromosome 14 and in which other human chromosomes were
only randomly present. All hybrids had the human BamHI
fragment (data not shown). Therefore, pXR3 is viewed as a
cDNA derived from the mRNA of the gene on human
chromosome 14 responsible for providing the intermediate
repair proficiency in the 28 1SHL hybrids. When the cDNA
was used as probe in FISH experiments, it mapped to the end
of the q-arm of chromosome 14 (14q32.3) (Fig. 5). This
assignment was consistent with all the data from both hybrid
panels. Thus, we conclude that pXR3 represents XRCC3,
which maps to human chromosome 14q32.3.

DISCUSSION
The field of mammalian DNA repair has progressed rapidly as
methods developed for gene cloning (19). For NER, eight
genes have been isolated by transfection/complementation of
hamster or human repair-deficient mutant cell lines, usually by
transfecting hamster cells with genomic sequences and then

screening cosmid libraries. A functional XPC cDNA was
obtained by transfecting human XP-C cells with the pEBS7
library used here (20), and, additionally, the FAC cDNA was
isolated by a very similar approach with Fanconi anemia cells
(21). A full-length FAC cDNA sequence was obtained, but the
XPC sequence, while efficiently correcting UV sensitivity,
proved to be missing 160 bp of the open reading frame (22).
While pEBS7 replicated episomally in the human cells that
were used for cloning, in our study it behaved as an integrating
plasmid in CHO cells. The incomplete correction we saw for
several end points could be due to -truncation of our XRCC3
sequence, interspecies differences between human and ham-
ster, or a dominant-negative effect of mutant allele(s). Further
studies will be needed to resolve this issue, but the fact that the
two somatic cell hybrid lines overlapped the transformants for
MMC resistance (Fig. 2) argues that partial correction is not
simply the consequence of an incomplete gene product.
A particularly interesting finding with our cDNA clone is the

differential correction seen for different end points. Correc-
tion for survival after damage with the two cross-linking agents
was relatively low, with the maximum values for transformants
being 17% and 29% for MMC and cisplatin, respectively. The
fact that the correction for MMC in the primary transformant
was only 7% is noteworthy and illustrates that high levels of

FIG. 5. FISH using pXR3 cDNA probe
hybridized to chromosomes from normal
human lymphocytes. (A) Digoxigenin-
labeled probe visualized with rhodamine red
fluorescence on 4',6-diamidino-2-phenylin-
dole-stained (blue) chromosomes of a full
metaphase indicates the specificity of the
hybridization (paired red dots indicated by
arrows) to the end of a D-group chromo-
some. (B) Same as in A, except showing a
partial metaphase with hybridization (ar-
rows) showing clearer resolution at the end
of the chromosome. (C) Two-color FISH on
a partial metaphase. Chromosome 14 probe
was visualized with the digoxigenin/rhoda-
mine system (red), while the cDNA was
labeled with biotin and visualized with flu-
orescein (normally green but appears yellow
on a red background). The two red chromo-
some 14s each have a pair of yellow dots
indicating the location of XRCC3. Unfortu-
nately the distortion of the chromosomes in
this preparation does not allow one to ap-
preciate the position of the gene at the very
end of the chromosome, as seen inA and B.
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correction are not always necessary for cloning the relevant
cDNA. The correction seen with y-rays (up to 42%) further
suggests that the multiple sensitivities of irslSF to different
kinds of DNA damage are likely due to mutations in the alleles
of one genetic locus that affects the cellular response to diverse
agents. It was surprising that the correction for both sponta-
neous chromosomal aberrations and plating efficiency was
very high [up to 100% for true breaks and exchanges (Table 2)
and up to 95% for plating efficiency (Table 1)]. This dramatic
difference in correction seen for the different end points
suggests that the XRCC3 protein has more than one role-
e.g., one role in repairing strand breaks and another role in
repairing base damage. The correction for a putative function
related to strand-break repair appears more efficient, given the
higher corrections seen for y-ray survival and spontaneous
chromosomal aberrations. The function associated with repairing
base damage from cross-linking agents (which also produce
monoadducts) and y-rays seems less efficiently corrected.

It is difficult to understand the multiple mutagen sensitiv-
ities of irslSF as a direct repair defect in terms of our current
knowledge of excision repair. NER acts on a multitude of base
damage, especially bulky adducts, and base excision repair acts
on oxidative damage, (m)ethylation, abasic sites, nonligatable
breaks, and other lesions. Besides its low sensitivity to agents
involving these pathways-e.g., UV and x-rays-irslSF is
extremely sensitive to cross-linking agents. The repair of
cross-links seems to require certain excision repair proteins
(see below) and other, unidentified proteins, as implied by the
phenotypes of NER-proficient mutants such as irsl, V-H4, and
V-C8 (5). The defect in irslSF may lie outside excision repair
pathways, perhaps operating at the level of the interaction of
the DNA replication machinery with lesions.
The chlomosomal instability of irslSF could be due to a

defect in completing DNA replication that causes spontaneous
DNA breaks, followed by misrepair (chromosomal exchanges)
or lack of repair (chromosomal breaks). The sensitivity to
mutagens could be interpreted as an exacerbation of this defect
by increasing the probability that replicated regions will result
in chromosomal discontinuities, perhaps due to replication
delay associated with inefficient bypass of lesions. A defect in
replication would be consistent with our observation that the
XRCC3 gene strongly affects the growth rate of irslSF. It
would be interesting to determine whether the S phase of
irslSF is prolonged. A possible defect in a mitotic checkpoint
function, as proposed for the p53 protein (23), seems less likely
since this alteration would not be expected to cause a pro-
longed cell cycle.
The extreme sensitivity of irslSF to cross-linking agents

described here and elsewhere (6, 7) argues for a very efficient
cellular mechanism(s) for processing or removing such lesions.
In addition to the XRCC3 gene identified here, the cloned
ERCCI and ERCC4 NER genes (11, 24) appear necessary for
repairing cross-links (25). Complementation group analysis of
rodent mutants (26-28) and human Fanconi anemia mutants
(29) suggests that many more related genes remain to be
identified. Hypersensitivity to cross-link damage is the hall-
mark defect associated with Fanconi anemia, which, like
irslSF, is also characterized by chromosome instability.
Among the four reported complementation groups (29), only
the FAC gene is cloned (21). The FAC cDNA, which maps to
chromosome 9q22.3 (29), was found to correct the chromo-
somal instability of Fanconi anemia group C cells as well as
their hypersensitivity to MMC and diepoxybutane (30). Thus,
there is a strong parallel between the complementing activities
of the cDNAs ofXRCC3 and FAC. The FAC gene is the only
other cloned gene that we are aware of that plays a major role

in chromosome stability. The possibility that XRCC3 is in-
volved in one of the complementation groups of Fanconi
anemia can be examined.
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