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ABSTRACT
Excision of a MosI transposon in the germline of Caenorhabditis elegans generates a double-strand break
in the chromosome. We demonstrate that breaks are most prominently repaired by gene conversion from
the homolog, but also rarely by nonhomologous end-joining. In some cases, gene conversion events are
resolved by crossing over. Surprisingly, expression of the transposase using an intestine-specific promoter
can induce repair, raising the possibility that activation of transposase expression in somatic cells can lead

to transposition of MosI in the germline.

NA transposons move through a “cut-and-paste”
mechanism, which generates a double-strand
break in the chromosome. The impact of such a break
on genome stability depends on the repair mechanisms
atworkin the germline. Breaks can be repaired by simply
rejoining the broken ends or by homologous recom-
bination (for reviews see HABER 2000; HEFFERIN and
ToMKINSON 2005; CHEN et al. 2007). End-joining gen-
erates blunt ends and ligates the breaks; such events can
be recognized by the presence of short footprints. In
some cases, a broken end can scan for microhomologies
in the other end; such events usually generate small
deletions. By contrast, homologous recombination re-
stores broken DNA with high fidelity by using template-
dependent DNA synthesis. In the “Szostak model”
(SzosTAK et al. 1983), the broken chromosome and
the repair template transiently form a double Holliday
junction. Resolution of such structure can potentially
produce crossover and noncrossover outcomes but re-
cent works (reviewed in CROMIE and SmrTH 2007) sug-
gest that the resolution of double Holliday junction
structure is strongly biased toward crossover formation,
which leads to the exchange of chromosome arms.
Synthesis-dependent strand annealing (SDSA) uses a
template for repair and is also considered conservative,
although it can occasionally introduce small deletions or
insertions as it has been observed after P-element
excision in the germline of Drosophila (NASSIF et al.
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1994; McVEY et al. 2004a). DNA synthesis starts from the
ends of the break using homologous sequences as
templates. Replication under these circumstances is not
fully processive and the strands tend to “fall off” the
template. If the newly extended strands overlap, then the
DNA can anneal and the gaps can be filled in by further
DNA synthesis. When the displaced strand from the
template DNAis extensive enough to allow the annealing
of the free 5'-ends from the break, collapse of this
intermediate leads to perfect repair of the break. In that
case, there is nonreciprocal transfer of DNA from the
donor to the recipient broken allele, a process called
gene conversion. Because 3’ strands can invade at short
regions of homology and because synthesis is not
processive, SDSA can also introduce small duplications
or deletions into the genome.

Double-strand break repair has been extensively
characterized in yeast and in somatic cells of metazoans
(for reviews see KANAAR et al. 1998; PAQUES and HABER
1999; SoNoDpA ef al. 2006; BRUGMANS el al. 2007).
However, relatively little is known about double-strand
break repair in the germline (ENGELS et al. 1990; GLOOR
etal. 1991; MCVEY et al. 2004b; CLEJAN et al. 2006) . Breaks
can be generated at specific sites in chromosomes by
transposon excision. The genome of Caenorhabditis elegans
contains seven active types of Tc/mariner DNA trans-
posons; however, transposition and thus the resulting
DNA breaks are repressed in the germline of standard
laboratory strains (BESSEREAU 2006). In mutator back-
grounds, germline transposition is derepressed and
breaks occur in the germline of these strains. Analysis



674

V. J. Robert et al.

A end-joining homologous recombination Frcure 1.—Transposon excision stim-
configuration configuration ulates repair of double-strand breaks in

mut(Mos1) | mut(Mos1) mut(s) I mut(Mos1) the C. elegans germline. (A) Determin-

—_— ing rates of repair. (Left) End-joining
A MosT¥, b ¥ . (EJ]) events can be observed by identify-

. HR-—=Mut . HR—=WT ing wild-type revertants in homozygotes

o o it ok for a MosI insertion allele. At the DNA
¥ O level, these repair events generate pseu-

i EJ = Mutor WT & EJ = MutorWT dorevertants; that is, they are phenotyp-
"%,1 "%.g ically wild type, but the genepsequenfe
L Adost == will contain a footprint at the site of ex-

B cision. Repair by homologous recombi-
IV dov-13 (0.00 nation (HR) will regenerate the Mosl
Py (//' ) unc-5 (1.78) fem-1 drp-1 T12E12.3/.2 insertion mutation. (Right) Homolo-

“ g TP NI (ICHIs OOCHI O gous recombination in a heterozygote

e184sd , unc-5(ox171::Mos1)
I

5kb containing a mutation in a different
part of the gene can generate a wild-type

dpy-13(e184) unc-5(ox171)  allele. In this configuration, end-joining

A,

can also generate pseudorevertant al-
leles but the frequency of such events

t 57 . idDf3 dpy-13(+) iﬂ’ﬂ is much lower. Sequence analysis of

e ’ the footprints left at the repaired site

can identify the repair mechanism for

C each event (see Table 1). (B) Chromo-
v unc-22 (5.47) somes used to analyze Mosl-induced
AN T M T HHFY YV — ——— W double-strand breaks at the unc-5 locus.

unc-5(ox171::Mosl)is a recessive mutant
allele containing a Mosl element in-
serted in the 6th exon of unc-5 at posi-

5kb
unc-22(kr5)

tion 5,498,642 of chromosome IV

unc-22(st136) (ROBERT and BESSEREAU 2007). dpy-

13(e184sd) is 1.8 cM left of unc-5. idDf3,
previously known as unc-5(ev447), is a
deletion. Its left breakpoint is in the

middle of unc-5 at position 5,500,882 of chromosome IV. Its right breakpoint was not mapped precisely but idDf3 completely re-
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of these transposition-induced breaks has indicated that
they are repaired either by end-joining or by SDSA (E1pE
and ANDERSON 1988; KirF et al. 1988; PLASTERK 1991;
PLASTERK and GROENEN 1992; ZwaAL et al. 1993;
FiscHER et al. 2003). However, these studies were not
configured to compare different repair pathways quan-
titatively or to detect gene conversion and crossing over.
In this study, we activated the heterologous MosI trans-
poson (BESSEREAU et al. 2001) to analyze double-strand
break repair in the germline of wild-type C. elegans. Mos1
is a member of the Tcl/mariner family in Drosophila
(JacossoN and HARTL 1985; JacoBSON el al. 1986).
Expression of the Mos transposase in C. elegans is able to
catalyze the insertion of Mos!I into the genome or to
excise Mosl from a chromosomal locus. We triggered
germline remobilization of specific MosI insertions and
separately assayed the repair of the chromosomal breaks
by end-joining as well as by homologous recombination
(Figure 1A). The induced double-strand breaks were
mostly repaired by homologous recombination, includ-
ing by the generation of interhomolog crossovers.
Double-strand breaks can be repaired by end-joining:
Mos1 excision will generate a double-strand break in the

chromosome that could be repaired either by end-
joining or by homologous recombination. To mobilize
the MosI transposon, we expressed the Mos transposase
under the control of a heatshock-inducible promoter
and analyzed revertants from two loci: unc-5 and unc-22
(Figure 1, B and C). unc-5 encodes the UNC-6/netrin
receptor and is required for proper outgrowth and
wiring of the nervous system (HEDGECOCK et al. 1990;
LEUNG-HAGESTEIN et al. 1992). The unc-5(ox171) allele
contains an insertion of the Mos!I transposon into the
coding region and leads to a severely paralyzed animal
(RoBERT and BESSEREAU 2007). unc-22 encodes twitchin
(BENIAN et al. 1989), a protein required for proper
muscle morphology and contraction. unc-22(kr5) con-
tains an insertion of MosI in the coding region and these
mutants are paralyzed and exhibita distinctive twitching
phenotype.

To identify repair by end-joining and other non-
conservative mechanisms, we analyzed repair in homo-
zygous animals (Figure 1A, left). In this configuration,
repair from the homolog will simply copy the trans-
poson insertion back into the chromosome and no re-
vertant progeny will be observed. However, in some cases



end-joining will restore the reading frame of the gene
and could potentially generate a functional protein.
Parent animals were heat-shocked to induce the exci-
sion of MosI from the chromosome. Phenotypic rever-
tants were identified in the progeny of the heat-shocked
unc-5 and unc-22 parents at a frequency of 1 in 4000
screened animals (Table 1, reversion rate = 2.5 X 10~*
events/F; offspring). To exclude the possibility that
heat-shocking animals causes reversion, we heat-
shocked animals that did not contain the Asp:: MosTrans-
posase construct. No revertants were detected in the
progeny (Table 1, reversion rate <8.3 X 10" events/F;
offspring). Moreover, expressing the Mos transposase
under the control of the germline-specific glh-2 pro-
moter induced phenotypic reversion in the absence of
heat shock (Table 1, reversion rate =5 X 107° events/F;
offspring), demonstrating that excision can occur with-
out heat shock. Revertant alleles were sequenced and all
unc-5 (33/33) and all unc-22 (3/3) reversions were
consistent with end-joining of the broken ends (Table
2). Most repaired loci contained short insertions or
deletions at the excision site that restored the reading
frame of the gene, similar to footprints previously
observed (ROBERT and BessErREAU 2007). These results
demonstrate that end-joining and other intrachromo-
somal repair mechanisms are used in the germline to
repair MosI-excision triggered double-strand breaks.
Many germline breaks are repaired by homologous
recombination: To measure repair by mechanisms that
operate using the homolog as template DNA, we assayed
repair after Mos! excision in heterozygotes. These strains
carry the MosIinsertion allele in ¢ransto a differentallele
of the same gene (Figure 1A, right). These genes are
large and the second allele was atleast 2 kb away from the
Mosl insertion site. Repair by homologous recombina-
tion would copy wild-type sequences into the broken
chromosome and generate an intact copy of the gene.
Such events will lead to wild-type animals among the
mutant progeny. For excision from unc-5(ox171::Mos1),
we made heterozygotes with idDf3 [previously known as
unc-5(ev447)], which deletes the 5’ region of the unc-5
locus and the neighboring locus fem-1 (Figure 1B). For
excision from wunc-22(kr5::Mosl), we made heterozy-
gotes with unc-22(st136::7cl), a recessive allele of unc-
22 containing a 7cl insertion 4596 nt upstream of the
MosIinsertion site (Figure 1C). These strains also carried
a transgene in which the Mos transposase is under the
control of the heat-shock promoter. These strains were
heat-shocked to activate MosI excision in the germline.
Wild-type animals were found at high frequency among
the uncoordinated progeny of the heat-shocked ani-
mals: reversion was observed in 1 of 30 animals at the
unc-5 locus [Table 1; 432/13,000 revertants from wunc-
5(ox171::Mos)/idDf3 parents, reversion rate = 3.3 X 102
events/F; offspring]. Reversion was observed in 1 of
63 animals from heterozygotes at the unc-22locus [11/
700 revertants from wunc-22(kr5::Mos)/unc-22(st136::

Note

TABLE 1

Reversion efficiencies at the unc-5 and unc-22 loci

No. of
transgenes

No. of

experiments

Wild-type/total

Heterozygous

No.of
transgenes

No. of

experiments

Wild-type/total

Homozygous
background

footprints

background

footprints

Transposase

unc-5(ox171::Mosl)

52/52

432/13,000 = 3.3 X 102

7
5

16

2/15

2.5 X 10~

0/12,000 < 8.3 X 10°°

10/40,000

hsp-16.48:: Tpase (HS+)

No Tpase (HS+)

10

0/16,500 < 6 X 10°°

—

4/4
2/2

4/2700 = 1.4 X 10°°

3/60,000 =5 X 10~° 6/18

glh-2::Tpase (HS—)

=24 X 10

2/8300

2

2

ND

vit-2:: Tpase (HS—)
unc-22(kr5::Mosl )

N

10/10

11/700 = 1.6 X 102

1/3

=25 X 10"
ND

1/4000

hsp-16.48:: Tpase (HS+)
hsp-16.48:: Tpase (HS—)

—

0/650 < 1.5 X 107*

Reversion experiments were performed in homozygous backgrounds (respectively, ox171::Mosl/ox171::Mosl and kr5::Mosl/kr5::Mosl) and in heterozygous backgrounds

(respectively, el84sd ox171::Mosl/idDf3 and kr5::Mosl/st136::Tcl). Reversion efficiences were calculated as the ratio between the number of phenotypic revertants and the

total number of screened animals. Mos! excision was triggered by expression of the Mos transposase from different transgenes. hsp-16.48 is a heat-shock-inducible promoter.
Reversion assays were performed by heat-shocking parent animals and screening the progeny for revertants as described in ROBERT and BESSEREAU (2007). When working with

transgenes expressing the Mos transposase under the control of the glh-2 or vit-2 promoters, transgenic L4’s were selected and grown at 20° for 5 days before screening their

progeny for revertants. “HS+” or “HS—" indicate whether or not parent animals were heat-shocked. “Wild-type/total footprints” indicates the number of wild-type footprints

”

identified among the population analyzed by sequencing. Footprints identified in homozygous backgrounds are listed in Table 2. “No. of experiments” refers to the number of

independent experiments. “No. of transgenes” indicates the number of independent trangenes used to express the transposase.
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TABLE 2
Footprints identified in homozygous unc-5(ox171) and unc-22(kr5) backgrounds

unc-5 wild-type locus
.. GCGGACTCCTCTCGGATAGTAATCAGTGATACTGCTGTTTATGG ...
unc-5(ox171::MosT)
. GCGGACTCCTCTCGGATAGTATCAGGT.....MOS I....ACCTGGTAATCAGTGATACTGCTGTTTATGG ..

Mos1 excision-induced DSB
.. GCGGACTCCTCTCGGATAGTATCA TAATCAGTGATACTGCTGTTTATGG ..
. CGCCTGAGGAGAGCCTATCAT ACCATTAGTCACTATGACGACAAATACC ..

Revertants from ox171/0x171; hsp::Tpase

Class Ia

1X .. GCGGACTCCTCTCGGATAGTATTGGTAATCAGTGATACTGCTGTTTATGG ...

1X .. GCGGACTCCTCTCGGATAGTATCGGTAATCAGTGATACTGCTGTTTATGG ..

1X .. GCGGACTCCTCTCGGATAGTATATGTAATCAGTGATACTGCTGTTTATGG ..

1X .. GCGGACTCCTCTCGGATAGTATCATATATGGTAATCAGTGATACTGCTGTTTATGG ..

Class Ib

2% .. GCGGACTCCTCTCGGATAEE ATCAGTGATACTGCTGTTTATGG .. (wild type)

2X .. GCGGACTCCTCTCGGATAGIGGTAATCAGTGATACTGCTGTTTATGG ..

2X .. GCGGACTCCTCTCGGATAGTATCHIATCAGTGATACTGCTGTTTATGG ...

2X .. GCGGACTCCTCTCGGATAG---TCAGTGATACTGCTGTTTATGG ..

Class III

1X .. GCGGACTCCTCTCGGATAGTAl®Ngtgatactgcii@dgtgatactgcTGTTTATGG ..

1X .. GCGGACTCCTCTCGGAIA] TCtcagtgatactgciiclg 'AtcagtgatactgcTGTTTATGG ..
1X .. GCGGActccteteggatagtatcactcoteteggatagtatcaTGGTAATCAGTGATACTGCTGTTTATGG ...

Revertants from ox171/0x171 ; glh-2::Tpase

Class Ia

2X .. GCGGACTCCTCTCGGATAGTAGTAATCAGTGATACTGCTGTTTATGG ..

1X .. GCGGACTCCTCTCGGATAGTATTGGTAATCAGTGATACTGCTGTTTATGG ...

1X .. GCGGACTCCTCTCGGATAGTATCAATAATCAGTGATACTGCTGTTTATGG ...

1X .. GCGGACTCCTCTCGGATAGTATCAGTGGTAATCAGTGATACTGCTGTTTATGG ...

Class Ib

6X .. GCGGACTCCTCTCGGATAR | ATCAGTGATACTGCTGTTTATGG .. (wild type)

1X .. GCGGACTCCTCTCGGARGGTAATCAGTGATACTGCTGTTTATGG ...

3X .. GCGGACTCCTCTCGGATAGTATCHATCAGTGATACTGCTGTTTATGG ..

1X .. GCGGACTCCTCTCGGATAGIGGTAATCAGTGATACTGCTGTTTATGG ...

1X .. GCGGACTCCTCTCGGATATTGGTAATCAGTGATACTGCTGTTTATGG ..

Class III

1X .. TACAtttttacatcttttcaggctttgcactgeggactecctetegga
TCAtttttacatcttttcaggctttgcactgeggactecteteggiiGlei'ATCAGTGATACTGCTGTTTATGE ...

unc-22 wild-type locus
. AAACTCAGGGAGTTCAATGATTATGAATTCCGTGTTGTTGCAATCAATGCTG ..
unc-22 (kr5::MosT)
. AAACTCAGGGAGTTCAATGATTATCAGGT.....MOS I.....ACCTGGTATGAATTCCGTGTTGTTGCAATCAATGCTG ..
Mos1 excision-induced DSB
. AAACTCAGGGAGTTCAATGATTATCA TATGAATTCCGTGTTGTTGCAATCAATGCTG ..
. TTTGAGTCCCTCAAGTTACTAAT ACCATACTTAAGGCACAACAACGTTAGTTACGAC ..

Revertants from kr5/kr5; hsp::Tpase

Class Ia

1X .. ARACTCAGGGAGTTCAATGATTATCTATTATATTATTATTGGTATGAATTCCGTGTTGTTGCAATCAATGCTG ...
Class Ib

1X .. ARACTCAGGGAGTTCAATGAT TGAATTCCGTGTTGTTGCAATCAATGCTG .. (wild type)

1X .. AAACTCAGGGAGTTCAATGATTATCAATTCCGTGTTGTTGCAATCAATGCTG ..

Footprints are represented and classified according to the rules defined by ROBERT and BESSEREAU (2007). Briefly, class I events
are typical end-joining footprints. In subclass Ia footprints, it is possible to recognize the TA dinucleotide duplicated during Mos1
insertion and some MosI sequences left during excision. In subclass Ib footprints, at least one copy of the duplicated TA dinu-
cleotide is missing, as expected if processing of the ends of the break occurs before ligation. Class III footprints contain dupli-
cation of the genomic sequences adjacent to the broken site which might result from intrachromosomal recombination (see
Figure S1 in ROBERT and BESSEREAU 2007).



Tcl), reversion rate = 1.6 X 1072 events/F; offspring].
Reversion was dependent on the activation of the Mos
transposase since no revertants were observed if the
strains were not heat-shocked (Table 1; reversion rate
<1.5 X 10 * events/F; offspring). In addition, reversion
was not caused simply by heat shock since heat-shocked
animals that lacked the transposase array did not
generate revertants (Table 1; reversion rate <6 X 107°
events/F; offspring).

To determine if the reversions were the result of bona
fide gene conversion events, the loci from the wild-type
progeny were amplified by PCR and sequenced. All unc-
5 revertant alleles (52/52, Table 1) and all unc-22
revertant alleles (10/10, Table 1) were repaired to the
wild type. Since heat shock was performed in adult
hermaphrodites after spermatogenesis was completed,
excision and repair events most likely occur in female
germ cells only. Because only half of the chromosomes
contained a MosI insertion, the reversion rate observed
at the unc-5 locus suggests that at least 1 chromosome
in 15 is broken by MosI excision and subsequently
repaired by homologous recombination. This rate of
reversion is substantially higher than the observed rate
of end-joining. However, the number of chromosomes
repaired by end-joining was underestimated since we
could detect only events that regenerated an in-frame
coding sequence. Even after correcting for such “in-
visible repair events,” gene conversion occurs 100 times
more frequently than end-joining. Thus, these data
suggest that homologous recombination is the most
prominent pathway used in the germline to repair
double-strand breaks.

Crossing over caused by double-strand break repair
in the germline: During meiosis, breaks in chromo-
somes are used as the substrates for crossovers. Is trans-
poson excision able to trigger crossing over? To monitor
the formation of crossovers, we performed reversion ex-
periments using a marked template chromosome. The
unc-5(ox171:: Mos1 }containing chromosome was marked
with the mutation dpy-13(el84sd) and Mosl excision was
induced in heterozygous animals dpy-13(el84sd) unc-
5(ox171::Mosl1)/idDf3. The dpy-13 marker was no longer
linked in cis to the repaired unc-5 gene in 8.5% (14/164)
of the revertant progeny. This represents an increase
over the expected frequencies on the basis of both the
published dpy-13 unc-5 map distance (1.8 cM) and our
own measurements of crossover frequency in this in-
terval (2.6%; data not shown). These recombination
events were identified as individual revertants in the
progeny of independent PO animals, suggesting that
recombination occurred in meiotic germ cells rather
than in mitotically dividing germ cells. We verified that
heat shock had no significant effect on the recombina-
tion frequency between these two loci (data not shown).
We conclude that double-strand breaks triggered by
transposon excision serve as substrates for meiotic
recombination machinery.

Note
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Recombinational repair can potentially be deleteri-
ous if recombination is initiated at ectopic homologous
sites and causes chromosomal rearrangements. We were
previously able to analyze recombination at ectopic sites
when establishing MosTIC, a technique developed to
engineer the C. elegans genome by homologous recom-
bination (ROBERT and BESSEREAU 2007). During MosTIC
experiments, ectopic repair templates were carried by
extrachromosomal arrays. MosTIC-engineered alleles
were obtained with frequencies varying from 10~* to 7
X 10~* after excision of MosI from the unc-5locus. These
recombination events were ~100 times less frequent than
the ones that we observed in the el84sd ox171/idDf3
background using the homologous chromosome as a
repair template (see above). To compare recombination
at sites on either the homolog or the extrachromosomal
array in the same experiment, we performed MosTIC
experiments in an el84sd ox171/idDf3background. Sixty-
three revertant animals among 1114 F,’s (reversion
rate = 5.6 X 107?) were identified and none had copied
the polymorphisms contained in the repair template
(data not shown). These results confirm that most of
the recombination events initiated to repair a MosI
excision-induced double-strand break use the homolo-
gous chromosome as a repair template.

Somatic expression of the Mos transposase: The
reversion rates of ~1 in 50 progeny suggest that MosI
excision occurs frequently in the germline. These data
suggest that transposase expression under the control of
the heatshock promoter must be appreciable in the
germline. However, the Asp-16.48 promoter is known to
be mainly active in somatic cells (STRINGHAM et al. 1992).
Moreover, expression from repetitive extrachromosomal
arrays is strongly repressed in the germline (KELLY ef al.
1997; DERNBURG et al. 2000; KETTING and PLASTERK
2000; ROBERT et al. 2005). Surprisingly, every transgene
containing the hsp-16.48:: MosTransposase construct was
able to induce Mos! transposition in the germline (this
study and ROBERT and BEsSEREAU 2007). It is possible
that this construct induces transposon excision, but the
heat-shock promoter is not being expressed in the germ-
line. The intestine can actively transport molecules to
the germ cells, including RNA, such as the double-
stranded RNA that triggers RNA interference (for review
see WHANGBO and HUNTER 2008), and proteins, such as
yolk components (KiMBLE and SHARROCK 1983; HALL
et al. 1999). Strong expression of the transposase in the
intestine may provide a source for transposase mRNA or
protein in the germline. To test this hypothesis, we
expressed the Mos transposase under the control of the
vil-2 promoter. vit-2 encodes vitellogenin, a major yolk
component specifically synthesized in the intestine of
adult hermaphrodites (GRANT and HirsH 1999). To our
surprise, expressing the transposase in the intestine was
able to stimulate repair of the unc-5 locus: revertants
were found at a rate of 1 animal in 4000 progeny (2/
8300; reversion rate = 2.4 X 107" events/F; offspring,
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Table 1). Considering the complex nature of extrachro-
mosomal transgenes in C. elegans, itis not possible to rule
out thatsome transposase might be expressed directlyin
the germline in spite of the use of an intestine-specific
promoter. However, this hypothesis is not likely since
repetitive transgenes are known to be strongly silenced
in the germline. Hence, we propose that transposase
message or protein expressed in the intestine is able to
enter the germline to activate MosI transposition.

In conclusion, excision of a Mosl element from a
chromosome generates a double-strand break in the
germline, which must be repaired to recover a functional
gamete. We do not know what fraction of chromosomes
experiences an excision; however, we have seen reversion
rates as high as 3.3 X 1072 events/F, offspring, suggesting
that excision may be fairly efficient. The resulting double-
strand breaks can be repaired by a variety of repair
mechanisms. End-joining generates only a functional
product with a frequency of 2.5 X 10~* events/F; off-
spring. The major mechanism for repair appears to be by
template-dependent repair from the homolog. However,
we cannot observe repair from the sister strand since that
regenerates only the mutant gene product. Importantly,
the break can also be repaired from a template found on
an extrachromosomal array (ROBERT and BESSEREAU
2007). Repair from a transgenic array allows targeted
gene changes at genes containing Mos! insertions.

Interestingly, ~9% of double-strand breaks are re-
solved as interhomolog crossovers. These data suggest
that breaks may be repaired by the machinery for mei-
otic recombination. A recent study suggests that C. elegans
germ cells use RAD-50 and the crossover machinery to
repair breaks induced by ionizing radiation during early
pachytene stage of meiosis. Then, at the mid-to-late pachy-
tene transition, the cells undergo a developmentally
programmed switch to a less constrained repair mode
(HayvasHI et al. 2007). In addition, end-joining contrib-
utes to double-strand break repair during meiosis when
homologous chromosomes are unavailable (SMOLIKOV
et al. 2007). It is likely that the interhomolog crossover
events that we observed might have been generated
during meiosis before the mid-to-late pachytene transi-
tion zone. The observed end-joining events might be the
result of late repair processes, which occur to clean up
double-strand breaks from the genome before the end
of meiosis.
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PL-503334, code NemageneTAG) and an AVENIR grant from the
Institut National de la Santé et de la Recherche Médicale.
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