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Summary
Studies in the yeast Saccharomyces cerevisiae have validated the major features of the double-
strand break repair (DSBR) model as an accurate representation of the pathway through which
meiotic crossovers are produced. This success has led to this model being invoked to explain
double-strand break (DSB) repair in other contexts. However, most non-crossover recombinants
generated during S. cerevisiae meiosis do not arise via a DSBR pathway. Furthermore, and it is
becoming increasing clear that DSBR is a minor pathway for recombinational repair of DSBs that
occur in mitotically proliferating cells; rather, the synthesis-dependent strand annealing (SDSA)
model appears to describe mitotic DSB repair more accurately. Fundamental dissimilarities
between meiotic and mitotic recombination are not unexpected, since meiotic recombination
serves a very different purpose (accurate chromosome segregation, which requires crossovers)
than mitotic recombination (repair of DNA damage, which typically generates non-crossovers).
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Introduction
The existence of DNA recombination was revealed by the behavior of segregating traits long
before DNA was identified as the bearer of genetic information. At the start of the 20th
century, pioneering Drosophila geneticists studied the behavior of chromosomal “factors”
that determined traits such as eye color, wing shape, and bristle length. In 1910 Thomas
Hunt Morgan published the observation that the linkage relationships of these factors were
shuffled during meiosis [1]. Building on this discovery, in 1913 A. H. Sturtevant used
linkage analysis to determine the order of factors (genes) on a chromosome, thus
simultaneously establishing that genes are located at discrete physical locations along
chromosomes as well as originating the classic tool of genetic mapping [2]. The revelation
that somatic cells also experience recombination did not occur until some years after the
discovery of meiotic recombination, when in 1936 that Stern proposed crossovers (COs)
between homologous chromosomes to explain patches of mosaicism in D. melanogaster [3].
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In the 1950’s several breakthroughs furthered our understanding of recombination. Research
on meiotic recombination benefitted from analysis of asci from the fungi Saccharomyces
cerevisiae and Neurospora crassa [4]. The recovery of all the products of a single meiosis
within a single ascus allowed the observation of non-crossover (NCO) recombination such
as gene conversion (GC). Further, the determination of the structure of DNA enabled
geneticists to develop models of how the physical behavior of double-stranded DNA
translates into the genetic properties of recombination. The models posited by Robin
Holliday [5] and subsequent researchers sought to illustrate the DNA transactions that occur
during meiosis and DNA repair that give rise to COs, GC, and in some cases, post-meiotic
segregation (PMS, see below).

Current models for meiotic recombination are based on the double-strand break repair
(DSBR) model outlined by Szostak and colleagues in the 1980s [6]. The central features of
this model are: initiation by a double-strand break (DSB), formation of a double Holliday
junction (dHJ) intermediate, and resolution of the dHJ by nicking two strands at each HJ
(Fig. 1A). Although several modifications have been made to the original model, these core
features are well supported for meiotic recombination in the S. cerevisiae, the model
organism workhorse in which this process has been most extensively studied.

Because mitotic recombination is comparatively rare and more difficult to detect,
characterization of this process has lagged. (Note: We use the term “mitotic recombination”
to refer to COs and/or GC that takes place in cells that are proliferating mitotically, whether
or not the process occurs during the mitotic phase of the cell cycle.) One consequence of
meiotic recombination being more readily studied than mitotic recombination is that models
for mitotic recombination have historically been strongly influenced by, and dependent on,
models of meiotic recombination. Indeed, the strong evidence for the DSBR model in
meiotic recombination in S. cerevisiae has frequently led to the assumption that this model
also applies to mitotic DSB repair. However, as we discuss in this review, there is little
evidence to support the direct application of the canonical DSBR model to mitotic DSB
repair, and other models appear to describe mitotic DSB repair more accurately.

Meiotic vs. mitotic recombination
Mitotic and meiotic recombination differ fundamentally in purpose (Fig. 2). Meiotic
recombination is actively promoted and highly regulated because it is crucial for accurate
chromosome segregation. Meiotic COs create physical links (chiasmata) between
homologous chromosomes, thereby facilitating their proper alignment at the metaphase plate
and their subsequent disjunction at anaphase of meiosis I. Disruption of meiotic COs
therefore leads to increased chromosome non-disjunction and sterility. In contrast, mitotic
recombination is used in the homologous repair of spontaneous and induced DNA damage.
Although there are well-studied examples of programmed mitotic recombination, including
mating-type switching in fungi and mammalian V(D)J recombination, the discussion below
focuses on spontaneous and induced mitotic recombination, especially during DSB repair.

The different functions of recombination are reflected in the ratios of COs to NCOs after
DSB repair in meiotic and mitotic cells. In most eukaryotes, meiotic recombination
frequently results in COs, consistent with the requirement for COs to direct chromosome
segregation. For example, in mouse meiosis there is approximately one NCO for every two
COs [7], in Drosophila it’s been estimated that there are three NCOs for every CO [8], and a
genome-wide measurement in S. cerevisiae found an equal ratio of NCOs to COs [9]. In
contrast, COs are usually rare in mitotic DSB repair [10–13]. COs are likely suppressed
during mitotic DSB repair due to their potential for negative consequences, such as loss of
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heterozygosity distal to CO sites, or chromosome rearrangements that occur when non-
allelic sequences (e.g., dispersed repetitive sequences) recombine with one another.

These functional differences are reflected in the differing genetic requirements for meiotic
and mitotic recombination, which may stem from the use of different recombination
mechanisms and/or differences in types of initiating damage, choice of repair template, or
cell cycle stage. In meiosis, a DNA nuclease produces a simple DSB, whereas damage
incurred by mitotic cells may include single-stranded and double-stranded gaps, breaks
ending with damaged bases, one-ended DSBs, and other more complex arrangements.
Furthermore, mitotic DNA damage is not limited to strand breaks, but also includes
deleterious structures that can arise during DNA metabolism, such as stalled or blocked
replication forks; repair of such structures adds another level of complexity to mitotic
recombination.

Thus, while both meiotic and mitotic recombination are crucial for maintaining stable
genomes, there are essential differences in the execution of each. Meiotic recombination is a
programmed process that frequently generates COs used to accurately segregate
homologous chromosomes from one another, whereas the scope and diversity of mitotic
recombination are broader, and COs are a rare outcome.

Meiotic recombination in Saccharomyces cerevisiae
The studies that led to the proposal of the original DSBR model, as well as subsequent
modifications, have been done predominantly in S. cerevisiae. This organism has several
features that facilitate study of meiotic recombination, including hotspots for DSB
formation, a cell cycle that is easily synchronized across a population, recovery of all four
products of meiosis, and a relatively easily manipulated genome. Thus, our introduction to
the DSBR model will focus on meiotic recombination research done in S. cerevisiae.

The DSBR model (Fig. 1A) was put forward to resolve discrepancies between predictions
made by earlier models and subsequent experimental observations. Experiments performed
since the proposal of the DSBR model have likewise required that some modifications be
made, but there is still strong support for the central features of the canonical DSBR model,
at least for the generation of COs. These central features include initiating DSBs and dHJ
intermediates.

DSBs initiate meiotic recombination
Initial support for the DSBR model came from the finding that DSBs occur at hotspots for
meiotic recombination and induced DSBs can initiate recombination [14]. The enzyme that
catalyzes DSB formation was determined to be Spo11, a nuclease related to type II
topoisomerases [15]. Other factors are also important for production of DSBs, including the
MRX complex, comprising Mre11, Rad50, and Xrs2, and several proteins that are less well-
conserved in primary sequence and whose precise functions are not yet known [16].

After the DSB is made, the ends are processed to produce long 3′ single-stranded overhangs.
This feature of the model is supported by the physical detection of 3′ overhangs at hotspots
[17]. The process of resection is still not completely understood, but recent evidence
indicates that the MRX complex and the protein Sae2 are important for removing covalently
bound Spo11, thereby allowing processing by the nucleases Exo1 and Dna1 [18].

After resection, one 3′ end invades the homologous template. This single-ended invasion
intermediate has been detected in physical assays at recombination hot spots [19]. Mutations
in genes in the rad52 epistasis group, which encode proteins that catalyze or facilitate strand
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invasion, disrupt meiotic recombination. An important byproduct of strand invasion is the
creation of heteroduplex DNA (hDNA), which may contain mismatches or insertion/deletion
loops between the two strands if there are heterologies between the homologous
chromosomes. Both genetic and physical studies have detected hDNA in S. cerevisiae
meiosis [20,21]. Heterologies within hDNA are usually repaired, leading either to GC or to
restoration of the original sequence. If hDNA is unrepaired, the heterologies between
homologous chromosomes undergo post-meiotic segregation (PMS). PMS is increased in
mismatch repair (MMR) mutants, supporting a role for MMR proteins in repairing hDNA
produced during meiotic recombination [22].

Resolvases cut dHJ intermediates to yield crossovers
Other than recombination initiation by a DSB, the most fundamental feature of the DSBR
model is the dHJ. Consequently, the strongest support for the DSBR model came with
detection and isolation of “joint molecules” formed during recombination in S. cerevisiae
[23,24]. These joint molecules have the predicted properties of dHJ intermediates: They can
be resolved into CO and NCO products by RuvC, an E. coli nuclease with high specificity
for HJs [25], and all four strands are thought to be continuous (i.e., there are no unligated
nicks). Additionally, all four strands of the joint molecules have the parental arrangement of
flanking markers [24]. This finding is consistent with an intermediate with two HJs; in an
intermediate a single HJ, two strands would have a parental arrangement of markers, and
two would have a recombinant arrangement. The in vitro RuvC experiment also supports the
postulate that dHJs can produce both COs and NCOs, as predicted by the DSBR model.

The final step of the DSBR model involves cutting of the dHJ by one or more HJ resolvases.
Despite intensive searches, it is unclear what resolvase carries out this process in S.
cerevisiae. One candidate is the nuclease Mus81. In vitro, the Mus81-Mms4/Eme1 dimer
from several organisms cleave HJs; however, these enzymes have higher activity on other
structures, such as D-loops and nicked HJs [26–28]. S. cerevisiae mus81 and mms4 mutants
lack a subset of meiotic COs that do not exhibit CO interference; however, Mus81-Mms4 is
not required to produce the COs that participate in crossover interference, which are the
majority of COs in S. cerevisiae. Based on the robust activity of Mus81-Mms4 on nicked
HJs, it has been suggested that these COs arise not from fully ligated dHJs, but from some
other intermediate [29].

COs that exhibit interference require a set of proteins that includes the mismatch repair-
related MutS homologs Msh4 and Msh5 [30]. It is unclear what role Msh4-Msh5 plays in
promoting crossing over, but one important function seems to be to bind to dHJs to stabilize
them and/or block NCO-promoting proteins [31,32]. The enzyme that then cuts these
stabilized dHJs remains elusive. The nuclease Yen1 was recently found to have robust HJ
resolvase activity in vitro [33]; however, Yen1 does not seem to have an important function
in meiotic recombination. Rather, it is partially redundant with Mus81, and appears to be
secondary to Mus81 in the resolution of recombination intermediates [34].

Meiotic non-crossovers come from SDSA
Despite strong support for many features of the DSBR model, additional data inconsistent
with the canonical model have required an important modification. In a study of the timing
of appearance and disappearance of meiotic recombination intermediates in S. cerevisiae,
Allers and Lichten made the surprising finding that NCOs appear earlier than dHJs or COs,
challenging the prediction that COs and NCOs are both produced from dHJs [35]. These
authors also cited previous characterization of several mutants that have decreased
frequencies of COs but not of NCOs, consistent with the possibility that these two types of
products do not both arise from the same intermediate. They hypothesized that NCOs arise
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instead from synthesis-dependent strand annealing (SDSA) (Fig. 1B). In SDSA, repair is
initiated as in the DSBR model, but before second-end capture the invading strand is
dissociated from the D-loop and the newly synthesized sequences anneals to the
complementary single strand on the other side of the break. SDSA does not involve a dHJ
intermediate. Support for SDSA in meiosis has come from the analysis of hDNA found in
recombination products that exhibit PMS. In S. cerevisiae, hDNA tracts are frequently
restricted to one side of the break, as predicted by the SDSA model [36,37]. In a recent test
of the SDSA model, McMahill et al. [38] found that a class of GCs best explained by the
SDSA model comprised a high percentage of the NCO products recovered.

Another mechanism that has been suggested for generation of NCOs is dHJ dissolution
[36,39]. Dissolution occurs when the two HJs are branch migrated toward one another, and
the remaining catenation is removed by a type I topoisomerase (Fig. 1C). In vitro studies
have shown that BLM helicase and TOP3α topoisomerase can catalyze this reaction
efficiently [40]. After dHJ dissolution, the chromatid that received the DSB will have hDNA
with sequence from the homologous chromosome on one strand to one side of the break and
on the other strand to the other side of the break – the trans configuration (Fig. 1C). Trans
hDNA has been detected in S. cerevisiae, but the frequency is extremely low, suggesting
that some or all of the instances noted may actually result from the occurrence of
overlapping recombination events at two nearby DSB sites [36,39,37]. Furthermore, dHJ
dissolution cannot account for the appearance of NCOs prior to the appearance of dHJs.
Based on these arguments, dHJ dissolution does not seem to be a major source of NCOs in
S. cerevisiae meiosis.

Meiotic recombination in other eukaryotes
Meiotic recombination in S. cerevisiae is perhaps best explained by a model that unites the
DSBR and SDSA models. The extent to which this compound model is applicable to other
organisms is still in question. The key initiation event – formation of a DSB – appears to be
universal. Orthologs of Spo11 have been found to be essential for meiotic recombination in
S. pombe, Arabidopsis, C. elegans, D. melanogaster, and mouse [41–45]. Indeed, the
relationship between Spo11 and meiotic recombination initiation is so well established that
the presence of a gene orthologous to SPO11 has been taken as evidence for a meiotic cell
cycle in a species not known to reproduce sexually [46]. Removal of covalently bound
Spo11 and the production of single-stranded 3′ ends is also well conserved, with the MRE1
RAD50 NBS1 (MRN) complex (analgous to the yeast MRX complex) being important to
this process in many organisms [47]. Similarly, the families of proteins required for strand
invasion are well conserved, and homologs of the canonical strand invasion protein RecA
are required for fertility in S. pombe, Arabidopsis, C. elegans, D. melanogaster, and mouse
[48–52].

Although these early steps in recombination appear to be very similar across eukaryotic
meiosis, the degree to which the later steps are conserved is unclear. As noted above, some
COs in S. cerevisiae require the Mus81-Mms4 nuclease, whereas others require Msh4-
Msh5. This is also true in Arabidopsis [53]. In S. pombe, however, there are no orthologs of
Msh4 or Msh5, and most or all COs require Mus81 [54]. Recent work has revealed that most
meiotic recombination in S. pombe involves an intermediate with a single HJ rather than a
dHJ [55]. This suggests that orthologous proteins (e.g., Mus81) may act on different
intermediates in different species.

Conversely, a common intermediate, such as a dHJ, may be acted upon by different proteins
to produce COs in different species. In C. elegans, all COs seem to require MSH-4– MSH-5,
suggesting they go through a dHJ intermediate [56]. Some of these COs are dependent on
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HIM-18– SLX-1, which is orthologous to the BTBD12–SLX1 HJ resolvase [57]. Similarly,
meiotic COs in D. melanogaster have been suggested to go through a dHJ intermediate,
despite the absence of Msh4 and Msh5 orthologs [58,59]. Most of these COs are generated
by a complex that contains the MEI-9–ERCC1 endonuclease, which is orthologous to S.
cerevisiae Rad1–Rad10 and mammalian XPF–ERCC1, and the proteins MUS312 [60,61]
and HDM [62]. Genetic studies are consistent with the hypothesis that this complex resolves
dHJs to produce COs [59].

Production of meiotic NCOs in other organisms is even less well understood. It has been
suggested that meiotic NCOs in D. melanogaster are generated through SDSA, based on the
observation that most NCO GC tracts in mei-9 mutants are indistinguishable from those in
wild-type flies [59]. In C. elegans, COs are elevated in mutants that lack RTEL-1, a helicase
that efficiently disrupts D-loops, suggesting that RTEL-1 promotes meiotic NCOs via SDSA
[63].

Taken together, the data from different model organisms indicates that the initiation of
meiotic recombination is conserved across eukaryotes, but that there are multiple ways to
turn a DSB into a CO (or NCO). The DSBR model appears to be an accurate description of
CO formation in S. cerevisiae and probably some other organisms, but it doesn’t seem to be
deployed universally.

The DSBR model and mitotic DSB repair
Though intended to describe meiotic recombination, the classic DSBR model drew on
evidence from studies of mitotic recombination. Prior studies on plasmid-chromosome
recombination in yeast provided evidence that DSBs are recombinogenic, and suggested that
GC could be produced by the repair of double-strand gaps [64]. These earlier studies
provided the basis for the original formulation of the DSBR model [6]. Some of this
interchange of ideas between meiotic and mitotic recombination models explains why the
DSBR model is frequently co-opted in attempts to describe the mechanism of mitotic
recombination. However, the application of the DSBR model to DSB repair in mitotic cells
should be cautioned, because, as discussed above, meiotically and mitotically dividing cells
have very different recombination requirements and outcomes.

The early steps of meiotic and mitotic recombination are similar
While the purpose and environment of recombination is different in mitotic cells, the early
steps of the DSBR model are consistent with what is known about mitotic DSBR. There is,
for example, no question that DSBs can induce COs in a mitotic context. It has long been
known that treatments that produce DSBs, such as X-ray irradiation, can produce breaks and
induce somatic COs [65]. Treating cells with agents that produce other types of damage,
such as alkylation of bases, can also yield recombination, but it is generally thought that this
is the result of a DSB formed as secondary damage [66]. For instance, the induction of
genome rearrangements by crosslinking agents is DNA synthesis-dependent [67,68],
suggesting that the recombinogenic damage ultimately results from secondary damage
produced by replication forks encountering the primary interstrand crosslink damage. There
is also evidence that mitotic recombination can result from single-stranded breaks or gaps as
well [69]; for comparison to meiotic recombination, we restrict the discussion below to
mitotic DSB repair.

Mutations that disrupt the early steps of meiotic DSBR have similar effects on mitotic
recombination, which suggests that these steps are similar. A prime example is Rad51: In S.
cerevisiae, rad51 mutants are defective in spontaneous and induced mitotic recombination
and mating-type switching, in addition to the their defects in meiotic recombination [70].
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Conversely, there are some notable differences in the early-acting genetic requirements for
meiotic vs. mitotic recombination. There are meiosis-specific recombination factors, such as
Dmc1, a Rad51 paralog found in many eukaryotes. Like rad51 mutants, dmc1 mutants are
deficient in meiotic recombination [71] but not mitotic recombination [72]. There are also
factors that vary in their relative importance or specific role. The Rad54 paralog Rdh54/Tid1
seems to be more important for meiotic interaction between homologs, whereas Rad54 is
more important for recombinational repair between sister chromatids [73]. These
differences, however, are indicative of redundancies of function and varying requirements
due to differences in cell cycle and type of damage, and do not by themselves suggest
different repair mechanisms.

Meiotic and mitotic recombination diverge in later steps
Although the early steps of mitotic DSB repair are similar to those of meiotic DSB repair,
less is known about the later steps. In principle, mitotic DSB repair may be biased toward
NCOs by any combination of the mechanisms described above for meiotic recombination:
SDSA, dHJ dissolution, or dHJ resolution that is biased to produce NCOs. Some evidence
favors SDSA being the primary NCO mechanism in mitotic DSB repair in S. cerevisiae. In a
study of repair of a single DSB associated with a repetitive sequence, the repeat underwent
expansion and contraction in the product, but the template was unaltered; sometimes more
than one donor templates was used, suggesting repeated rounds of strand invasion and
synthesis [74]. Bzymek et al. recently measured formation of joint molecules (dHJ
intermediates) at sites of DSBs induced in mitotically dividing diploid S. cerevisiae and
found them to be reduced in frequency by at least a factor of ten compared to meiotic DSBs,
indicating that DSBR is not a primary DSB repair pathway [75]. Differences observed in the
hDNA of CO vs NCO repair products of a gapped plasmid assay also support the use of
SDSA as the primary DSB repair mechanism [76].

Studies of mitotic gap repair in D. melanogaster have also yielded strong evidence for
SDSA. In gap repair, the chromosome that receives the break fills the gap by copying
information from a template, without alteration of the template [77]. Furthermore, the two
ends of the gap can use different templates independently [77]. In experiments in which the
gap spans a direct repeat, one of the most common products has collapse of the repeat to a
single copy, with loss of intervening sequences [78,79]. These findings are not compatible
with repair by DSBR, but are readily accommodated by the SDSA model.

Studies of the genetic requirements of NCO repair have also provided important insights
into the primary repair mechanisms. A key player in the process of actively promoting NCO
repair and blocking CO-associated repair is the RecQ helicase BLM. Cells lacking the BLM
helicase have elevated spontaneous COs, primarily between sister chromatids, but also
between homologous and heterologous chromosomes [80,81]. Discussions of the anti-
crossover functions of BLM are most often based on the hypothesis that the primary anti-
crossover activity is in dHJ dissolution [40]. This hypothesis has been driven by a
combination of genetic and biochemical studies.

S. cerevisiae top3 mutants grow slowly, but the slow growth is suppressed by mutations in
SGS1 (slow growth suppressor 1), which encodes the only RecQ helicase in this species.
One interpretation of this finding is that Sgs1 produces an intermediate that is toxic in the
absence of Top3 activity [82]. The identity of the toxic intermediate is suggested by the in
vitro dHJ dissolution activity of BLM and TOP3α. In vitro, BLM and TOP3α (together with
accessory proteins) catalyze dHJ dissolution efficiently, with BLM migrating the HJs
together so they can be decatenated by TOP3α [83–85]. Thus, unresolved, branch-migrated
dHJs may be the toxic intermediates in top3 mutants. However, direct evidence that dHJ
dissolution occurs during mitotic DSB repair in vivo is lacking; indeed, it is now clear that
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dHJs are a minor intermediate in break repair in S. cerevisiae [75]. The dissolvase activity of
BLM – TOP3α may be important in preventing mitotic COs that arise from other types of
spontaneous damage. For example, it has been hypothesized that repair of gaps that occur
when replication is blocked on the lagging strand might involve formation of dHJ
intermediates that do not originate with a DSB [86].

Regardless of its roles in replication fork repair, Sgs1 and the Drosophila ortholog,
DmBLM, do have important anti-crossover functions during DSB repair [79,87,88].
Interestingly, mutants lacking DmBLM have severe defects in gap repair, suggesting that the
primary role of DmBLM in preventing COs during break repair may be in promoting SDSA
rather than in dissolving dHJs [79]. It is possible that the genetic interaction between BLM
and TOP3α reflects a heretofore uncharacterized requirement for TOP3α in SDSA. Perhaps
TOP3α is required to relax supercoiling produced by D-loop production/migration. Such a
requirement is unlikely to be revealed with the short substrates used in in vitro biochemical
assays.

Although DmBLM appears to facilitate SDSA in Drosophila, the same role in S. cerevisiae
is thought to be taken on by a different helicase, Srs2. As in sgs1 mutants, srs2 mutants have
increased COs during repair of induced DSBs [89,90]. Also like Sgs1 and BLM, Srs2 is a
3′→5′ DNA helicase and has a D-loop disrupting activity in vitro, suggesting that it might
play a role in SDSA [91,92]. Srs2 is also able to disrupt Rad51 filaments, so it might prevent
COs by preventing strand invasion [92]. However, sgs1 srs2 double mutants have extremely
slow growth, and this phenotype is dependent on the presence of Rad51 and other strand
invasion proteins, suggesting that Srs2 and Sgs1 have partially redundant functions in
removing some recombination intermediate, such as D-loops [93,94]. Srs2 orthologs have
not been identified outside of fungi, but the functional analog in C. elegans appears to be
RTEL-1. Like Srs2, RTEL-1 disrupts D-loops in vitro and is believed to promote SDSA in
vivo [95].

Although NCO mechanisms are strongly promoted in mitotic cells, spontaneous mitotic COs
do occur. It is generally believed that at least some of these COs arise from resolution of a
dHJ intermediate, as in DSBR. Identification of the resolvase(s) responsible for generating
mitotic COs would lend support to this hypothesis. In S. pombe, Mus81-Eme1, which is
required for most or all meiotic COs, is required for a subset of mitotic COs associated with
induced DSBs [96]. In contrast, spontaneous mitotic COs are not affected by loss of Mus81
in Arabidopsis [97], and in S. cerevisiae mus81 mutants, the frequency of spontaneous
mitotic COs is slightly elevated [98]. Thus, the resolvases that are involved in production of
mitotic COs remain unknown.

Conclusions
A joint DSBR/SDSA model currently provides the best description of meiotic recombination
in several of the model organisms in which it has been most extensively studied, including S.
cerevisiae, D. melanogaster, and C. elegans. However, this picture is not yet complete. For
example, the model does not satisfactorily account for the differing biochemical activities of
the nucleases and MMR-related proteins required for different subsets of COs in a single
species, or the different requirements between species. For mitotic DSB repair, the DSBR
model is less well supported; rather, the SDSA model seems to be a more accurate
description of the primary recombinational repair mechanism. Several proteins, including S.
cerevisiae Srs2, Drosophila DmBLM, and C. elegans RTEL-1, have been implicated in
promoting SDSA and thereby preventing mitotic COs. Thus, while many parallels have been
found between meiotic and mitotic recombination, we must remain mindful that the
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differing functions for recombination may have prompted the development of different
solutions to meet different needs in meiotic and mitotic contexts.
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Abbreviations

CO crossover

dHJ double Holliday junction

DSB double-strand break

DSBR double-strand break repair

GC gene conversion

NCO non-crossover

PMS post-meiotic segregation

SDSA synthesis-dependent strand annealing
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Figure 1.
Models for double-strand break repair. A: In the canonical double-strand break repair
(DSBR) model proposed by Szostak et al. [6], an initiating DSB is processed to produce 3′
overhangs. One or both of these overhangs can invade a homologous duplex, usually a sister
chromatid or homologous chromosome. A D-loop is displaced by the invading strand. The
free 3′ end of the invading strand primes synthesis using the homologous sequence as a
template. The other resected end of the break anneals to the D-loop, in a process called
second-end capture. Additional synthesis and ligation of nicks produces a dHJ intermediate.
To resolve the dHJ, two strands are nicked at each of the HJs. If two strands are each nicked
twice (once at each junction), NCO repair products are produced. If different strands are cut
at each junction (so that each of the four strands is nicked once), CO repair products are
produced. B: In synthesis-dependent strand annealing (SDSA), the invading strand is
displaced from the D-loop structure and its newly synthesized sequence anneals to the other
side of the break. This yields a NCO repair product. C: In dHJ-dissolution, the two HJs are
branch-migrated together and then decatenated to produce a NCO.
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Figure 2.
Meiotic and mitotic recombination are fundamentally different in several aspects, including
function, initiating lesions, timing during the cell cycle, and outcome. In this figure, a single
pair of homologous chromosomes is shown in each nucleus. Both DNA strands of each
chromatid are shown.
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