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Abstract

The Rad51 protein has been shown to play a vital role in the DNA repair process. In humans, its interaction with proteins like BRCA1 and
BRCA2 has provided an insight into the mechanism of how these molecules function as tumor suppressors. Several members of the Rad51-
like family have been recently identified, including RAD57L2. This gene has been found to be amplified in breast tumors suggesting its role in
tumor progression. Here, we describe the cloning of the murine homologue of the human RAD51L2/RAD51C gene. Sequence analysis has
revealed that the murine Rad5112 protein is 86% identical and 93% similar to its human homologue. In spite of such high sequence
conservation, the murine protein lacks the first nine amino acids present in the human protein. We have cloned and confirmed the sequence
of the 5" end of the murine Rad5112 cDNA using 5’ RACE technique as well as by sequencing the genomic region flanking the first exon of
the murine Rad5112 gene. Northern analysis shows that Rad5112 is expressed in several adult tissues as well as in embryos at various
developmental stages. The murine Rad51/2 gene maps to chromosome 11 and is located in the syntenic region of human chromosome 17q22-

23, where the human RAD51L2 is present. Published by Elsevier Science B.V.
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1. Introduction

A potential biological role of the human breast cancer
susceptibility genes, BRCAI and BRCA?2 in the maintenance
of genomic integrity was demonstrated based on their inter-
action with the Rad51 protein (Scully et al., 1997; Sharan et
al., 1997). Mammalian Rad51 is a homologue of the yeast
Rad51 and bacterial RecA proteins (Shinohara et al., 1992,
1993). All these proteins are known to play a key role in the
recombinational repair process, including double strand
break repair and mitotic as well as meiotic recombination
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BRCALI, breast cancer susceptibility genel; BRCA2, breast cancer suscept-
ibility gene2; cDNA, DNA complementary to RNA; EST, expressed
sequence tag; kb, kilobase(s) 1000 bp; MMS, methylmethansulfonate;
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(Raddling, 1991; Shinohara et al., 1992, 1993; Bishop,
1994; Rockmille et al., 1995; Sung and Robberson, 1995;
Malkova et al., 1996; Lim and Hasty, 1996; Baumann et al.,
1996). Mouse embryos lacking Rad51 die soon after
implantation (Lim and Hasty, 1996; Tsuzuki et al., 1996).
Rad51 deficient cells show chromosomal loss, decreased
cell proliferation and increased radiation sensitivity (Lim
and Hasty, 1996). It has been hypothesized that the early
embryonic lethality of mice lacking Brcal or Brca2 proteins
may be due to defects in the Rad51-mediated DNA repair
process (Scully et al., 1997; Sharan et al., 1997).

In spite of its critical role in mammalian cells, in yeast
Rad51 is not essential for viability (Shinohara et al., 1992).
This may reflect a functional divergence. Alternatively, this
may suggest that it may have evolved to perform other
functions in higher eukaryotes. The yeast RADS5I is a
member of the RADS52 epistasis group that includes
RADS52, RAD54, RADS55 and RAD57 (reviewed by Game,
1983). Proteins encoded by each of these genes are known
to have a distinct function in the homologous recombination
process and may form a multimeric-complex on the
damaged DNA during the repair process. In mammals, in
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addition to Rad51, six other Rad51-like proteins have been
identified (reviewed by Thacker, 1999; Thompson and
Schild, 1999). These include DMC1, XRCC2, XRCC3,
RADSIL1 (previously named RADS1IB or REC2),
RADSI1L2 (previously named RADS5IC), and RAD51L3
(previously named RAD51D). Dmcl is a meiosis-specific
protein that is not essential for viability (Pittman et al.,
1998; Yoshida et al., 1998). However, Dmcl mutant mice
are infertile and show arrest of germ cells at the prophase
stage of meiosis I. Xrcc2 and Xrcc3 were identified from
hamster cell lines based on their increased radiation sensi-
tivity (Fuller and Painter, 1988; Johnson et al., 1999; Pierce
et al., 1999). The human and murine homologues of
Rad5111 and Rad5113 have been cloned and mutations in
mice have been shown to result in embryonic lethality (Shu
et al., 1999; Pittman and Schimenti, 2000). Rad5113 defi-
cient cells show defects in cell proliferation but do not show
increased sensitivity to methylmethansulfonate (MMS) and
v-radiation suggesting that it may not play a vital role in the
double-strand-break repair process (Pittman and Schimenti,
2000).

The human RADS51L2 was identified from the EST data-
base, based on sequence homology to human XRCC3 and
RAD51 genes (Dosanjh et al, 1998). The RADS5IL2
protein has been shown by yeast two-hybrid analysis to
directly interact with XRCC2 and RADSIL1 (Dosanjh et
al., 1998). It has also been shown to enhance the interac-
tion between Rad5111 and Rad5113 proteins (Schild et al.,
2000). In recent studies, RAD51L2 has been found to be
amplified in primary breast tumors and cell lines which
suggests that it could play a role in breast cancer develop-
ment and progression (Barlund et al., 2000; Wu et al.,
2000). The murine homologues of all the members of the
Rad51-like family have been cloned with the exception of
murine Rad5112. We describe here the cloning of the
murine Rad5112 gene. The murine cDNA encodes a protein
that is 86% identical to its human homologue. We have
also determined the chromosomal location of the gene,
studied its expression pattern in embryos and multiple
adult tissues.

2. Materials and methods
2.1. Cloning of human RAD51L2 cDNA

A 464 bp fragment of the human RAD51L2 cDNA was
amplified from the total RNA extracted from a human ovar-
ian cell line using RT-PCR. The RT-PCR reaction was
performed using Superscript Preamplification system (Life-
Technologies) as per the protocol provided by the manufac-
turers. The PCR reaction was performed using primers sks-
74 (5'-TTGGCAGTAGATGTGCAGAT-3') and sks-75 (5'-
CTATCAATCTTTGTTGTCAT-3'). The PCR product was
cloned into pGEM T-vector (Promega) and sequenced to
confirm that it was human RAD51L2 cDNA.

2.2. Screening murine cDNA library

The human RADS51L2 probe was used to screen a 12.5 day
mouse cDNA library (Stratagene). The RAD5IL2 cDNA
fragment was “’P-labeled using the T7 QuickPrime kit
(Amersham Pharmacia) and hybridized in 6 X SSC and
0.25% non-fat milk at 50°C. The library filters were washed
with 0.5 X SSC and 0.1% SDS at 50°C and exposed to X-
ray film for 16 h. Two positive clones, cDNA1.1 and
cDNAL1.2, were identified and were further analyzed.

2.3. cDNA Sequencing

The sequence from the ends of the two cDNA clones was
obtained by using T7 and T3 primers and BigDye Termina-
tor Reagent mix (PE Applied Biosystems). Based on the
sequence obtained, the two cDNAs represented the murine
homologue of human RAD5I/L2 cDNA. Complete cDNA
sequence was obtained by undertaking a step-wise sequen-
cing approach from the two ends of the two cDNAs, using
primers specific to the murine Rad5112 cDNA sequence.

2.4. 5' RACE to identify 5" end of RAD51L2 cDNA

The 5’ end of the murine Rad5112 cDNA was obtained by
using the 5" RACE (Rapid Amplification of cDNA Ends)
System (Life Technologies). Total RNA from an adult testis
was used to synthesize the cDNA. The 5’ end of Rad5112
was amplified using a reverse primer, csl-8 (5'-GCACATC-
TACTGCCAATTGC-3') and subsequently re-amplified
using nested reverse primer, csl-7 (5'-CACCA-
CAAACTTCTGTCGTC-3') and a forward primer specific
to 5’'adapter sequence. The PCR products were sub-cloned
into the pGEM T-vector (Promega) and electroporated into
the DHI10B cells (Life Technologies). The transformed
colonies were hybridized with a *’P- labeled Rad5112
cDNA probe. The positive clones were sequenced using
T7 and SP6 primers.

2.5. Screening BAC library and sequencing the 5' end of the
gene

Filters containing mouse (129S6/SvEvTac) genomic
library, RPCI-22, in BAC vector pPBACe3.6 were obtained
from Roswell Park Cancer Institute. The filters were hybri-
dized with *P-labeled insert of Rad5112 c¢DNAL.l in
Church buffer (Church, 1984) at 65°C for 16 h. The filters
were washed with 0.2 X SSC and 0.1% SDS solution at
65°C and exposed to X-ray film. Five positive clones were
identified. One of the BAC clones, pPBACRad5112-514 was
used for further characterization and subcloning of a
Rad5112 genomic fragment. The BAC DNA was digested
with EcoRI restriction enzyme and separated on a 0.8%
agarose gel. The DNA was transferred to Hybond N*
membrane (Amersham Pharmacia) and hybridized with
the Rad5112 cDNAL1.1. Three positive fragments, 20, 8,
and 3 kb in size were detected. Further, hybridization of
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the blot with multiple **P -end labeled 20-mer oligonucleo-
tides showed that the 20 kb fragments contained most of the
coding region of the cDNA. This 20 kb EcoRI fragment was
subsequently subcloned into pBluescript SK + plasmid
(Stratagene). Using murine Rad5112 specific primers, the
sequence around the first exon was generated and analyzed
using Genscan (Burge and Karlin, 1997) and TestCode
(Fricket, 1982) programs.

2.6. Interspecific mouse backcross mapping

Interspecific backcross progeny were generated by
mating (CS7TBL/6J X M. spretus) F; females and C57BL/
6J males as described (Copeland and Jenkins, 1991). A total
of 205 N, mice were used to map the Rad5112 locus (see text
for details). DNA isolation, restriction enzyme digestion,
agarose gel electrophoresis, Southern blot transfer and
hybridization were performed essentially as described
(Jenkins et al., 1982). All blots were prepared with Hybond
— N" nylon membrane (Amersham). The probe, a 510 bp
(nucleotides 1371-1880 of AF324883) fragment from the 3’
UTR of Rad5112 ¢cDNA, was labeled with [a’’P] dCTP
using a random primed labeling kit (Stratagene); washing
was done to a final stringency of 0.1 X SSCP, 0.1% SDS,
65°C. A major fragment of 3.4 kb was detected in Xbal
digested C57BL/6J DNA and a major fragment of 3.2 kb
was detected in Xbal digested M. spretus DNA. The
presence or absence of the 3.2 kb Xbal M. spretus-specific
fragment was followed in backcross mice.

A description of the probes and RFLPs for most loci
linked to Rad5112 including Scyall, Mpo and Nog has
been reported previously (Valenzuela et al., 1995; Gonzalo
et al., 1996; Fujii et al., 1998). One locus, Rad5113 has not
been reported previously for our interspecific backcross.
The probe, a 450 bp fragment (nucleotides 1191-1640 of
AF034955) from the 3'UTR of Rad5113 cDNA, detected
HindIll fragments of 12.0 kb (C57BL/6J) and 2.7 kb (M.
spretus). The 2.7 kb Hindlll M. spretus-specific fragment
was followed in backcross mice. Recombination distances
were calculated using Map Manager, version 2.6.5. Gene
order was determined by minimizing the number of recom-
bination events required to explain the allele distribution
patterns.

2.7. Northern analysis

Multiple tissue Northern blots containing polyA™ RNA
from various tissues of mice as well as embryos at different
days of gestation were obtained from Clontech. The blots
were hybridized with a *?P- labeled 443 bp fragment between
the nucleotides 469-912 of the murine Rad5112 cDNA in4 X
SSCP, 1 X Denhardt’s solution, 1% SDS, 100 wg/ml of
sheared salmon sperm DNA at 65°C. for 16 h. The blots
were washed with 0.2 X SSCP and 0.1% SDS solution at
65°C and exposed to X-ray film for 3 days. The blots were
stripped in 0.5% SDS solution and then hybridized as
described above with B-actin probe as a loading control.

3. Results
3.1. Human and murine Rad5112

Sequence analysis of the murine Rad5112 cDNAs and its
comparison with the sequence of its human homologue
revealed that the first fourteen amino acids were not included
in the cDNA clone 1.1 (Fig. 1). The cDNA library was
rescreened using the murine cDNA as a probe but no new
clones were identified. In order to obtain the sequence of the
c¢DNA encoding the first fourteen amino acids of the murine
protein, a 5" Rapid amplification of cDNA ends (5' RACE)
technique was used. The sequence revealed the murine
protein lacks the first nine amino acids present in the
human protein (Figs. 1 and 2A). The tenth amino acid in
the human sequence is methionine, which appears to be the
initiating methionine of the murine protein. The apparent
initiation codon of the murine cDNA does not contain the
consensus translation initiation sequence (Kozak, 1986) as
the ATG is preceded by a polyA sequence. In order to deter-
mine if this is the authentic 5’ end of the cDNA, we
sequenced the genomic region around exon 1 of the murine
Rad5112 gene. The sequence obtained from the 5’ RACE
clone is identical to the sequence of the genomic region
suggesting that the RACE sequence represents the true 5’
end of Rad5112 and is not an artifact of the procedure (Fig.
2). However, the genomic region containing the 5’ end of the
cDNA has 639-bases of open reading frame including two in-
frame ATG codons upstream of the putative initiating codon
of Rad5112 (Fig. 2). However, this region does not appear to
be a part of the Rad5 112 transcript, as it was not identified by
the 5’ RACE technique. In addition, it has not been found in
any of the cDNA clones that were obtained from two addi-
tional cDNA libraries. These Rad5112 cDNA were amplified
by PCR from the cDNA library using one primer specific to
the Rad5112 transcript and another primer specific to cDNA
cloning vector. The PCR products were sub-cloned and
sequenced. Several PCR clones contained the region identi-
fied by 5 RACE but none contained the upstream region
containing the two in-frame ATG codons (data not shown).
This upstream sequence has not been found in any of the EST
clones present in the murine EST database (Fig. 1). However,
we have identified an EST clone (GenBank Accession
number BB591625) that contains the sequence identified
by 5" RACE. None of the amino acids from the upstream
region are conserved in the human sequence.

We next examined this sequence using the Genscan
program, which has been designed to identify putative
protein coding sequences (Burge and Karlin, 1997). Surpris-
ingly, in spite of the fact that the sequence contains a 639
bases long open reading frame (Fig. 2A), the first 351 bases
were found to be non-coding and the ATG sequence identi-
fied from 5’ RACE technique is recognized as the transla-
tion start site. To determine if the first 351 bases of the open
reading frame were not identified as coding sequences
because of the composition of the sequence, we analyzed
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Full-length Rad5112 cDNA
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Fig. 1. Cloning of full-length murine Rad5112 cDNA. The sequence of the 2045 bases of the full-length cDNA was obtained from two cDNA clones, 1.1 and 1.2
(open bar) and the 5'RACE product (hatched bar). The sequence of the cDNA was confirmed with the sequence of the genomic locus (shaded bar) and fifteen
EST sequences (solid bar) obtained from murine EST database. The Rad51/2 EST containing sequences 20—697 corresponds to BE533505 and BB591625
while the region between 937-2045 is represented by 13 ESTs: A1464887, BE5322496, A1662180, AA267603, BB304345, BB241472, BB104381, BB234087,
BB062709, AV253651, BB012221, BB277448, AV307754. Numbers at each end of the bars represent the sequence that corresponds to the full-length

Rad5112cDNA sequence (AF324883).

the sequence using TestCode program (Fricket, 1982). The
TestCode program has been designed to help identify genes
in the absence of the knowledge of codon preferences for the
sequence being examined. It is based on the period three
compositional constraints found in regions known to be
coding and non-coding. Results of the TestCode analysis
are shown as a plot that is divided into three regions
based on the level of confidence that a given sequence is
coding or non-coding. The TestCode result shows that the
5'-end sequence obtained from the RACE technique is a
coding sequence with 95 percent level of confidence (Fig.
2B). In contrast, the upstream open reading frame identified
from the genomic sequence is a non-coding sequence with
either the same level of confidence or it falls within the
‘window of vulnerability’ where statistics can make no
significant prediction.

Based on these analyses, we conclude that the murine
Rad5112 encodes a 2045-base transcript, which translates
into a 366-amino acid protein (GenBank Accession number
AF324883). The murine protein lacks the first nine amino
acids present in its human homologue. In addition, there is a
single one amino acid gap in the murine protein after amino
acid 347 when the two proteins are aligned (Fig. 3). Overall,
the murine and human proteins are 86% identical. Based on
conserved amino acid substitutions, the Rad5112 protein is
93% similar between the two species. The murine Rad5112
protein contains the two nucleotide binding motifs identified
in the human protein (Fig. 3).

The murine Rad5112 gene consists of eight exons. The

location of the exon-intron boundaries is shown in Fig. 3.
The murine transcript is about 2.0 kb, which is larger than
the 1.3 kb size of the human transcript (Dosanjh et al.,
1998). Although the lengths of the coding regions are very
similar, the murine transcript contains an 831-base 3/
untranslated region (3'UTR) which is much larger than
the 122 bases of human 3'UTR. The significance of this
relatively large 3 UTR in the murine transcript is unknown.

3.2. Genetic mapping of Rad5112

The mouse chromosomal location of Rad5112 was deter-
mined by interspecific backcross analysis using progeny
derived from matings of [(C57BL/6J X Mus spretus)F; X
C57BL/6J] mice. This interspecific backcross mapping
panel has been typed for over 3000 loci that are well distrib-
uted among all the autosomes as well as the X chromosome
(Copeland and Jenkins, 1991). C57BL/6J and M. spretus
DNAs were digested with several enzymes and analyzed
by Southern blot hybridization for informative restriction
fragment length polymorphisms (RFLPs) using a mouse
Rad5112 cDNA probe. The 3.2 kb Xbal M. spretus RFLP
(see Section 2) was used to follow the segregation of the
Rad5112 locus in backcross mice. The mapping results indi-
cated that Rad5112 is located in the central region of mouse
chromosome 11 linked to Scyall, Rad5113, Mpo and Nog.
Although 61 mice were analyzed for every marker and are
shown in the segregation analysis (Fig. 4), up to 134 mice
were typed for some pairs of markers. Each locus was
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Fig. 2. Sequence of the genomic region near the 5’ end of the gene. (A) Nucleotide sequence of the 720 bases of genomic DNA and the amino-acid sequence of
the 636-base open reading frame around exon 1 of the murine Rad511/2 gene. Amino-acid sequence in enclosed in the shaded box represents the protein coding
sequence present in the cDNA while the amino-acid sequence in lower-case is not included in the Rad5112 protein. The arrow indicates the 5’ end of the RACE
products. The three in-frame methionines present in the 639-base open reading frame are shown in enclosed box. (B) Results of TestCode analysis of the 720
bases of genomic sequence shown in A. The x-axis represents the sequence position and y-axis shows the corresponding TestCode score. Those scores that are
above the two horizontal lines represent coding sequence with 95% level of confidence and those below are non-coding with same confidence level. No
significant prediction can be made about the sequence that has a TestCode score between the two lines. The shaded region represents the sequence present in the
coding region of the cDNA. In the plot, the markings above the curve show potential start sites (short vertical line) and stop codons (diamond) in the three

reading frame.
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Fig. 3. Comparison of predicted amino acid sequences of the human and murine Rad5112 proteins. The upper line represents the single-letter amino acid
sequence of the murine protein and the lower represents the human protein sequence. A single gap (—) in the murine amino acid sequence between amino acids

347 and 348 has been introduced to achieve maximum alignment. ‘ +

’ represents similar amino acids present at the given position in the two proteins and ‘X’

represents non-conserved amino acid change. The seven arrows indicate the boundaries of the eight exons present in the Rad5112 gene. The amino acids in the

two boxes represent nucleotide binding site.

analyzed in pairwise combinations for recombination
frequencies using the additional data. The ratios of the
total number of mice exhibiting recombinant chromosomes
to the total number of mice analyzed for each pair of loci
and the most likely gene order are: centromere- Scyall — 1/
118 — Ral5113 — 2/107 — Rad5112 — 0/101 — Mpo — 1/134 —
Nog. The recombination frequencies [expressed as genetic
distances in centiMorgans (cM) = the standard error] are —
Scyall —0.9 £ 0.8—-Rad5113-1.9 = 1.3 —[Rad5112, Mpo]
—0.8 = 0.7 — Nog. No recombinants were detected between
Mpo and Rad5112 in 101 animals typed in common suggest-
ing that the two loci are within 3.0 cM of each other (upper
95% confidence limit).

3.3. Expression analysis of Rad5112

The expression of the Rad5112 transcript was examined in
various tissues by Northern analysis. Rad5112 is expressed
in the heart, brain, spleen, lung, liver, kidney and testis but
was not detected in skeletal muscle (Fig. 5A). Relatively,
more Rad5112 RNA was detected in testis when compared
to other tissues. Rad5112 is expressed in embryos at various
developmental stages (Fig. 5B). The expression was found

to be higher between 11 and 15 days of gestation compared
to day 7 or 17. The size of the transcript is 2.0 kb, which is
the expected length based on the cDNA sequence. In every
tissue where the 2.0 kb transcript is present, a very weak 3.0
kb transcript is also detected. At present, it is not known if
the 3.0 kb transcript represents an alternatively spliced form
of Rad5112 or is due to cross-hybridization to another
member of the Rad51-like family.

4. Discussion

We have used the human RAD51L2 cDNA as a probe to
isolate its murine homologue. The murine Rad51I2 gene
encodes a 366 amino acid protein that is 86% identical to
the human protein. Rad5112 is 10 amino acids shorter than
its human homologue, which includes the first nine amino
acids and an additional amino acid near the carboxy-termi-
nus. We have sequenced multiple cDNA clones and the 5'-
end of the transcript. Results of the analysis of the genomic
region using the Genscan and TestCode programs are
consistent with the start site of the murine Rad51I2 tran-
script. These evidences suggest that the murine Rad5112
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protein lacks the first nine amino acids present in the human
RADS1L2. It is interesting to note that when we analyzed
the human cDNA sequence using the Genscan program
(data not shown), the first ATG sequence of the human
cDNA sequence was not identified as the initiating codon.
Instead, the second ATG (encoding the 10th amino acid of
RADS51L2) of the human sequence was selected as the initi-
ating codon. This suggests that the human protein may not
contain the first nine amino acids that have been predicted
based on the cDNA sequence.

We have mapped the Rad5112 gene to the region of mouse
chromosome 11 that is syntenic with human chromosomes
17q (summarized in Fig. 4), consistent with the assignment of
RADS5IL2 to 17922-q23 (Human Genome database). We
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Fig. 4. Rad5112 maps in the central region of mouse chromosome 11.
Rad5112 was placed on mouse chromosome 11 by interspecific backcross
analysis. The segregation patterns of Rad5112 and flanking genes in 61
backcross animals that were typed for all loci are shown at the top of the
figure. For individual pairs of loci, more than 61 animals were typed (see
text). Each column represents the chromosome identified in the backcross
progeny that was inherited from the (C57BL/6J X M. spretus) F, parent.
The shaded boxes represent the presence of a C57BL/6J allele and white
boxes represent the presence of a M. spretus allele. The number of offspring
inheriting each type of chromosome is listed at the bottom of each column.
A partial chromosome 11 linkage map showing the location of Rad5112 in
relation to linked genes is shown at the bottom of the figure. Recombination
distances between loci in centimorgans are shown to the left of the chromo-
some and the positions of loci in human chromosomes, where known, are
shown to the right. References for the human map positions of loci cited in
this study can be obtained from GDB (Genome Data Base), a computerized
database of human linkage information is maintained by The William H.
Welch Medical Library of The Johns Hopkins University (Baltimore, MD).

have compared our interspecific map of chromosome 11
with a composite mouse linkage map that reports the map
location of many uncloned mouse mutations (provided from
Mouse Genome Database, a computerized database main-
tained at The Jackson Laboratory, Bar Harbor, ME).
Rad5112 maps in a region of the composite map that lacks
mouse mutations with a phenotype that might be expected for
an alteration in this locus (data now shown). In mice, Rad5112
is tightly linked (1.9 = 1.3 ¢cM) to another member of the
Rad51-like family, Rad5113 (Fig. 4). However they are not
present in tandem suggesting that they may not evolved as a
result of gene duplication. This is also supported by the fact
that the sequence of the two proteins is quite diverged
(Thacker, 1999; Thompson and Schild, 1999). In humans,
the two genes map on the same chromosome but are located
in two different regions: RAD51L2 maps to 17q22-23 while
RAD51L3 maps to 17q11 (Fig. 4).

The expression of Rad5112 at various stages of embryonic
development as determined by Northern analysis suggests
that the gene may play an important role during embryogen-
esis. It is also expressed in various adult tissues except for
skeletal muscle, where no expression was detected. The
human gene has also been reported to have a similar wide
spread expression pattern (Dosanjh et al., 1998). However,
the human transcript is expressed in the skeletal muscle. In
both mouse and human tissues, testis shows the highest
expression of the transcript. The wide range of tissues
expressing the Rad5112 gene suggests that it may play a
vital function in mice as well as humans. A more detailed
expression analysis using in situ hybridization technique
will show the specific cell types that express this gene,
which may provide clues to its biological role. The genera-
tion of mutation in Rad51I2 will provide valuable informa-
tion about its biological function. Mutations generated in
other members of the Rad51 family like Rad51, Rad5111
and Rad5113 have revealed their role in embryonic devel-
opment and homologous DNA repair (Lim and Hasty, 1996;
Shu et al., 1999; Pittman and Schimenti, 2000). Mutations in
these genes result in early embryonic lethality suggesting
that each of these genes play an important role in develop-
mental processes and are not functionally redundant. The
study of mice with a loss of function mutation in the
Rad5112 gene will help us define the role of this gene as
well as improve our understanding of the DNA repair
process in mammalian cells. The functional significance
of recent finding that RAD5/L2 is amplified and overex-
pressed in some primary tumors can be tested in transgenic
mice (Barlund et al., 2000).

Acknowledgements

We thank Mark Lewandoski for critical review of the
manuscript. We also thank Richard Calvert for help with
expression analysis, Danica Ramljak for the gift of the
human ovarian cell line and Richard Frederickson of the



66 C.S. Leasure et al. / Gene 271 (2001) 59-67

A ¥
& @
e fosrd I
FETI SISO
T QI Vo KR
kb
9.5 —
7.5 —
4.4 —

0.24 —

2000
1000

Relative
Expression

0

B NS
S5
INESENEN
kb
9.5 —
75—
4.4 —
24— MW < Radsii2
1.35 — .
0.24 —

“ B-actin

2000

Relative
Expression
)
o
o

0

Fig. 5. Expression analysis of Rad5112. (A) Results of Northern analysis using a blot containing polyA RNA from multiple tissues, hybridized with a 443 bp
Rad5112 cDNA probe. A 2.0 kb transcript is detected in all tissues except skeletal muscle. The middle panel shows the result of the re-hybridization of the same
blot with B-actin probe to show the relative amount of RNA present in each lane. The lower panel is a graph showing the relative expression level of Rad5112
transcript in various tissues after normalizing for loading differences using B-actin as control. (B) Northern blot containing polyA RNA from embryos at
various stages of development shows expression of Rad5112 transcript during embryogenesis. To show the relative amount of RNA in each lane, the same blot
was re-hybridized with the B-actin probe (middle panel). The relative levels of the Rad5 112 transcript at various stages in shown in the graph (lower panel) after

controlling for loading differences.

Publication Department, NCI-Frederick for help with the
figures. R Stephens received support in part with federal
funds from National Cancer Institute, NIH under contract
no. NO1-C0-56000. This research was sponsored by the
National Cancer Institute, DHHS.

References

Barlund, M., Monni, O., Kononen, J., Cornelison, R., Torhorst, J., Sauter,
G., Kallioniemi, O.L.L.I.-P., Kallioniemi, A., 2000. Multiple genes at
17923 undergo amplification and over expression in breast cancer.
Cancer Res. 60, 5340-5344.

Baumann, P., Benson, F.E., West, S.C., 1996. Human Rad51 protein
promotes ATP-dependent homologous pairing and strand transfer reac-
tion in vitro. Cell 79, 757-766.

Bishop, D.K., 1994. RecA homologs Dmcl and Rad51 interact to form
multiple nuclear complexes prior to meiotic chromosome synapses.
Cell 79, 1081-1092.

Burge, C., Karlin, S., 1997. Prediction of complete gene structures in
human genomic DNA. J. Mol. Biol. 268, 78-94.

Church, G.M., 1984. Genomic Sequencing. Proc. Natl. Acad. Sci. USA 81,
1991-1995.

Copeland, N.G., Jenkins, N.A., 1991. Development and applications of a
molecular genetic linkage map of the mouse genome. Trends Genet. 7,
113-118.

Dosanjh, M.K., Collins, D.W., Fan, W., Lennon, G.G., Albala, J.S., Shen,
Z., Schild, D., 1998. Isolation and characterization of RAD5IC, a new
human member of the RAD5] family of related genes. Nucleic Acids
Res. 26, 1179-1184.

Fricket, J.W., 1982. Recognition of protein coding regions in DNA
sequences. Nucleic Acids Res. 10, 5303-5319.

Fujii, T.A., Cvecklova, K., Gilbert, D.J., Copeland, N.G., Jenkins, N.A.,
Westphal, H., 1998. Genomic structure and chromosomal localization
of the murine LIM class homeobox gene Lhx/. Mamm. Genome 9, 81—
83.

Game, J.C., 1983. Radiation-sensitive mutants and repair in yeast. In: Spen-
cer, J.F.T. (Ed.), Yeast Genetics: Fundamental and Applied Aspects.
Springer-Verlag, Berlin, pp. 109-137.

Gonzalo, J.-A,, Jia, G.-Q., Aguirre, V., Friend, D., Coyle, A.J., Jenkins,
N.A,, Lin, G.-S., Katz, H., Lichtman, A., Copeland, N., Kopf, M.,
Gutierrez-Ramos, J.-C., 1996. Mouse eotaxin expression parallels eosi-
nophil accumulation during lung allergic inflammation but it is not
restricted to a Th2-type response. Immunity 4, 1-14.

Fuller, L., Painter, R., 1988. A Chinese hamster ovary cell line hypersensi-



C.S. Leasure et al. / Gene 271 (2001) 59-67 67

tive to ionizing radiation and deficient in repair replication. Mut. Res.
193, 109-121.

Lim, D.S., Hasty, P., 1996. A mutation in mouse rad51 results in an early
embryonic lethal that is suppressed by mutation in p53. Mol. Cell 16,
7133-7143.

Jenkins, N.A., Copeland, N.G., Taylor, B.A., Lee, B.K., 1982. Organiza-
tion, distribution, and stability of endogenous ecotropic murine leuke-
mia virus DNA sequences in chromosomes of Mus musculus. J. Virol.
43, 26-36.

Johnson, R., Liu, N., Jasin, M., 1999. Mammalian XRCC2 promotes the
repair of DNA double-strand brakes by homologous recombination.
Nature 401, 397-399.

Kozak, M., 1986. Point mutations define a sequence flanking the AUG
initiator codon that modulates translation by eukaryotic ribosomes.
Cell 44, 283-292.

Malkova, A., Ivanov, E.L., Harper, J.E., 1996. Double-strand break repair
in the absence of RADSI in yeast: a possible role for break-induced
DNA replication. Proc. Natl. Acad. Sci. USA 93, 7131-7136.

Pierce, A.J., Johnson, R.D., Thompson, L.H., Jasin, M., 1999. XRCC3
promotes homology-directed repair of DNA damage in mammalian
cells. Genes Dev. 13, 553-565.

Pittman, D.L., Cobb, J., Schimenti, K.J., Wilson, L.A., Cooper, D.M.,
Brignull, E., Handel, M.A., Schimenti, J.C., 1998. Meiotic prophase
arrest with failure of chromosome synapses in mice deficient for
Dmcl. Mol. Cell 1, 697-705.

Pittman, D.L., Schimenti, J.C., 2000. Midgestation lethality of mice defi-
cient for the RecA-related gene, Rad51d/Rad5113. Genesis 2000, 167—
173.

Raddling, C.M., 1991. Helical interactions in homologous pairing and
strand exchange driven by RecA protein. J. Biol. Chem. 266, 5355—
5358.

Rockmille, B., Sym, M., Scherthan, H., Roederm, G.S., 1995. Roles for two
recA homologs in promoting meiotic chromosome synapses. Genes
Dev. 9, 2684-2695.

Schild, D., Lio, Y.-C., Collins, D.W., Tsomondo, T., Chen, D.J., 2000.
Evidence for simultaneous protein interaction between human Rad51
paralogs. J. Biol. Chem. 275, 16443-16449.

Scully, R., Chen, J., Plug, A., Xiao, Y., Weaver, D., Feunteun, J., Ashley,
T., Livingston, D.M., 1997. Association of BRCA1 with Rad51 in
mitotic and meiotic cells. Cell 88, 265-275.

Sharan, S.K., Morimatsu, M., Albrecht, U., Lim, D.S., Regel, E., Dinh, C.,
Sands, A., Eichele, G., Hasty, P., Bradley, A., 1997. Embryonic leth-
ality and radiation hypersensitivity mediated by Rad51 in mice lacking
Brca2 386, 804-810.

Shinohara, A., Ogawa, H., Ogawa, T., 1992. Rad51 protein involved in
repair and recombination in S. cerevisiae is a RecA-like protein. Cell
69, 457-470.

Shinohara, A., Ogawa, H., Matsuda, Y., Ushio, N., Ikeo, K., Ogawa, T.,
1993. Cloning of human, mouse and fission yeast recombination genes
homologous to RAD51 and recA. Nat. Genet. 4, 239-243.

Shu, Z., Smith, S., Wang, 1., Rice, M., Kmiec, E., 1999. Disruption of
muREC2/RADS51LI in mice results in early embryonic lethality which
can be partially rescued by p53 — /— background. Mol. Cell Biol. 19,
8686-8693.

Sung, P., Robberson, D.L., 1995. DNA strand exchange mediated by a
RADS51-ssDNA nucleoprotein filament with polarity opposite to that
of RecA. Cell 82, 453-461.

Thacker, J., 1999. The role of homologous recombination processes in the
repair of severe forms of DNA damage in mammalian cells. Biochimie
81, 77-85.

Thompson, L.H., Schild, D., 1999. The contribution of homologous recom-
bination in preserving genome integrity in mammalian cells. Biochimie
81, 87-105.

Tsuzuki, T., Fujii, Y., Sakumi, K., Tominaga, Y., Nakao, K., Sekiguchi, M.,
Matsushiro, A., Yoshimura, Y., Morita, T., 1996. Targeted disruption of
the Rad51 gene leads to lethality in embryonic mice. Proc. Natl. Acad.
Sci. USA 93, 6236-6240.

Valenzuela, D.M., Economides, A.N., Rojas, E., Lamb, T.M., Nuiiez, L.,
Jones, P., Lp, N.Y., Espinosa, R., Brannan, C.I., Gilbert, D.J., Copeland,
N.G., Jenkins, N.A., Le Beau, M.M., Harland, R.M., Yancopoulos,
G.D., 1995. Identification of mammalian noggin and its expression in
the adult nervous system. J. Neurosci. 15, 6077-6084.

Wu, GJ., Sinclair, C.S., Paape, J., Ingle, J.N., Roche, P.C., James, C.D.,
Couch, F.J., 2000. 17q23 amplifications in breast cancer involve the
PATI, RADSIC, PS6K, and SIGMAIB genes. Cancer Res. 60, 5371-
5375.

Yoshida, K., Kondoh, G., Matsuda, Y., Habu, T., Nishimune, Y., Morita,
T., 1998. The mouse RecA-like gene Dmc! is required for homologous
chromosome synapses during meiosis. Mol. Cell. 1, 707-718.



