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Ultraviolet light (UV) can provoke 
genome instability, partly through 

its ability to induce homologous 
recombination (HR). However, the 
mechanism(s) of UV-induced recombi-
nation is poorly understood. Although 
double-strand breaks (DSBs) have been 
invoked, there is little evidence for their 
generation by UV. Alternatively, single-
strand DNA lesions that stall replica-
tion forks could provoke recombination. 
Recent findings suggest efficient initia-
tion of UV-induced recombination in G

1
 

through processing of closely spaced 
single-strand lesions to DSBs. However, 
other scenarios are possible, since the 
recombination initiated in G

1
 can be 

completed in the following stages of the 
cell cycle. We developed a system that 
could address UV-induced recombina-
tion events that start and finish in G

2
 

by manipulating the activity of the sis-
ter chromatid cohesion complex. Here 
we show that sister-chromatid cohesion 
suppresses UV-induced recombination 
events that are initiated and resolved in 
G

2
. By comparing recombination fre-

quencies and survival between UV and 
ionizing radiation, we conclude that 
a substantial portion of UV-induced 
recombination occurs through DSBs. 
This notion is supported by a direct 
physical observation of UV-induced 
DSBs that are dependent on nucleo-
tide excision repair. However, a signifi-
cant role of nonDSB intermediates in 
UV-induced recombination cannot be 
excluded.
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Genetic Recombination

Genetic recombination is a universal 
DNA transaction that is important both 
for increasing genetic diversity in meiosis 
and for maintaining genome integrity. 
Years ago it was suggested that recom-
bination is initiated by double-strand 
breaks (DSBs).1 Indeed, a DSB caused 
by a site-specific endonuclease is suffi-
cient to cause homologous recombination 
(HR) that can be detected both physically 
and genetically (for example, see refs. 2 
and 3). Following DSB induction of ran-
dom or site-specific DSBs (summarized 
in ref. 4), preferential strand resection at 
the ends leads to the exposure of 3' single-
strand DNA (ssDNA). Subsequently, the 
ssDNA invades the homologous molecule, 
and DNA synthesis extends the joint 
molecule. Finally, the joint molecule is 
resolved (Fig. 1A; for a review of DSB HR 
see refs. 5 and 6). All of these steps can 
be detected in real-time.3,4 While some 
key biological processes such as meiosis 
and mating-type switching use endonu-
clease-induced DSBs to drive homologous 
recombination, most mitotic recombina-
tion is likely to stem from spontaneous 
lesions that may resemble the many kinds 
of DNA damaging agents that can induce 
high frequencies of recombination.7-10 
Ionizing radiation (IR) can cause DSBs as 
well as single-strand (ss) breaks. UV can 
induce recombination; however, it does 
not cause significant amounts of DSB, at 
least not directly.11 Importantly, formation 
of DSBs may not be essential to induce 
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be an important contributor to genome 
instability. It often results in loss of het-
erozygosity (LOH), which is a major 
mechanism for inactivation of WT alleles 
in disease as well as asexual evolution. 
By using a unique genetic system where 
cells could not enter S phase unless allelic 
recombination had occurred, it was shown 
that UV-irradiation of G

1
 cells can induce 

allelic recombination before cells enter 
S phase.28 Yet, it is possible that most 
UV-induced recombination events are ini-
tiated during DNA replication even when 
the damage is inflicted in G

1
. Recently, 

this issue was elegantly tackled by the Petes 
lab.17 Through an examination of the pat-
tern of UV-induced LOH, they deduced 
how and when recombination is triggered 
(Fig. 2). They concluded that for cells 
irradiated at G

1
, recombination is also ini-

tiated in G
1
 (or before the damaged locus 

is replicated) and occurs through a DSB 
mechanism.17 Their approach involved 
first the identification of daughter colo-
nies using a color-based, colony-sectoring 
assay. Then, they addressed LOH across 
the genome by following 55,000 polymor-
phic sites of heterozygosity. Genome-wide 
analysis of LOH enabled them to decipher 
the recombinational fate of the four sister 
chromatids (Fig. 2).17

Although DNA damage was induced 
in G

1
 (before DNA replication),17 the sub-

sequent recombination could be initiated 
during replication of the damaged locus 
or even after replication. With the Petes 
system, it is possible to address the type 
of lesion that provokes recombination as 
well the cell cycle stage in which recombi-
nation occurs. One model suggests that a 
UV lesion on one strand is converted to a 
DSB during DNA replication. It predicts 
that LOH events should give rise to three 
chromatids with the same sequence at the 
site of recombination and one chromatid 
that bears a different sequence (the chro-
matid that emerged from the undamaged 
strand) (Fig. 2). A 3:1 ratio is also charac-
teristic of LOH generated in G

2
-arrested 

cells from DSBs directly induced by ion-
izing radiation (IR);29 nevertheless, other 
scenarios that do not involve DSB can also 
give a 3:1 ratio. However, if closely spaced 
UV lesions on opposite strands cause 
DSBs before DNA replication30 (Figs. 1B 
and 2, left side), and they are repaired 

is typically around 0.1–1 per Kb. However, 
closely opposed lesions are formed at high 
doses.21,22 The lesions are efficiently repaired 
by nucleotide excision repair (NER) 
(see refs. 23–25 and references therein). 
Intermediates in NER include nicks and 
short gaps, which have been proposed as ini-
tiators of recombination (see below) either 
directly or in relation to stalled replication 
forks.8,26,27 The nicks and gaps created by 
NER could be recombinogenic with or 
without being processed to DSBs (Fig. 1B 
and C). Lesions that escape NER until repli-
cation would appear in single-strand regions 
created by the replicative DNA helicase. 
The lesions in ssDNA would not be subject 
to repair and could block the replication 
fork. The resulting gapped DNA at stalled 
forks or subsequent DSBs could be rescued 
through homologous recombination.8,26

UV-Induced Recombination at  
G1 Suggests A DSB Intermediate

Allelic recombination (recombination 
between homologous chromosomes) can 

homologous recombination. Early recom-
bination models were based on ss breaks, 
not DSBs, as initiating events.6,12-14 Later 
studies confirmed ss breaks as inducers of 
recombination (for example, see ref. 15).

UV Lesions and  
UV-Induced Recombination

In the budding yeast Saccharomyces cerevi-
siae, UV can induce recombination between 
sister chromatids as well as homologous or 
heterologous chromosomes.8,16 A recent 
study of UV-induced loss of heterozygos-
ity (LOH) by the Petes lab17 suggested that 
UV, a well-known mutagen, is more effi-
cient at inducing recombination between 
homologous chromosomes than base sub-
stitutions on a per lesion base. Unlike for 
endonucleases or IR,4,18 the opportunity to 
follow UV-induced recombination in real-
time is limited. The major UV-induced 
DNA lesions consist of cyclobutane pyrimi-
dine dimers and 4–6 photoproducts. Under 
conditions used to examine UV-induced 
recombination19,20 the incidence of lesions 

Figure 1. Mechanisms of DNA damage induced recombination. (A) recombination induced by a 
direct DsB. (B) recombination induced by a secondary (indirect) DsB. (C) recombination induced 
by gaps or nicks. the first stage in homologous recombination is processing of the primary lesion 
(i). For direct DsBs (A) it is resection. Adjacent lesions on opposite strands (represented as stars) 
are first converted into a DsB and then resected (B). Nicks or gaps (C) may be expanded with-
out forming a DsB. the second step (ii) is strand invasion, DNA synthesis and creation of a joint 
molecule. the third step (iii) is resolution of homologous intermediates (for simplicity only one 
possibility of resolution is presented).
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on opposing strands of a duplex could 
interfere with replication of both the lead-
ing and lagging strands. A 4:0 ratio could 
occur if the synthesis on one strand were 
rescued by the homologous chromosome 
with or without break formation and the 
other used it as a template.

Although the mechanisms of 
UV-induced recombination at G

1
 and G

2
 

may differ, the findings with UV-induced 
LOH in G

1
 cells and the possible roles 

of replication could be addressed with 
a system in which UV-induced recom-
bination between homologous chromo-
somes is initiated and completed in G

2
. 

Measuring recombination at G
2
 would 

exclude the complexities associated with a 
subsequent round of replication. However, 
damage-induced allelic recombination is 
low in G

2
.7,33 Recently, we found that by 

events without associated crossovers. For 
example, sequential repair of two UV 
lesions found on opposite strands but dis-
tant from each other may result in a 4:0 
ratio. A recent study shows that reduction 
of dNTP pools in G

1
 cells leads to delayed 

gap filling during NER; consequently, the 
initial gap can be extended by Exo1.31 A 
4:0 ratio can be achieved if the gap gen-
erated by attempts to repair the first UV 
lesion is repaired by homologous recombi-
nation, and if the DNA that was synthe-
sized during the recombination then serves 
as a template for the gap filling stage of the 
repair of the second UV lesion. Moreover, 
there may be other alternative explana-
tions to the 4:0 outcome, since repair is 
completed at a different stage of the cell 
cycle after passing the replication start 
point.32 For example, unrepaired lesions 

using information from the homologous 
chromosome, there will be no sequence 
heterozygosity in the daughter chroma-
tids, resulting in a 4:0 ratio for LOH. The 
results from the Petes study17 are consis-
tent with UV leading to DSBs in G

1
 (or 

before replication), such that subsequent 
repair after cells enter S-phase results in a 
4:0 LOH pattern.

UV Initiation and Completion  
of Recombination is  

Revealed in Yeast with  
Decreased Levels of Cohesin

While the generation of DSBs by closely 
opposed UV lesions in G

1
 conveniently 

explains the observed 4:0 LOH, there are 
alternative explanations that involve gaps 
or nicks especially for gene conversion 

Figure 2. Analysis of Uv-induced LOH for cells irradiated at G1. Cells that are heterozygous at a specific locus (“a” allele and “c” allele) are arrested at G1 
and irradiated with Uv (damage is represented by a star). sectored colonies are selected after Uv exposure.17 each sector subcolony represents two 
sister chromatids. therefore, the four chromatids are represented in the two sector colonies. sequencing each sector can reveal which allele, “a” or “c,” 
was lost. if the number of sequence reads for “a” and “c” alleles is equal then heterozygosity is maintained. if there are no sequence reads for one of 
them, LOH has occurred. through analysis of LOH in the two sectors it is possible to establish a 3:1 or 4:0 ratio for the four sister chromatids (see text 
and ref. 17).
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diploid mutants, since cohesin activity 
could be adjusted simply by varying the 
temperature at different stages of the cell 
cycle. Although cohesin is required for 
recombinational repair of DSBs in G

2
, 

cells are capable of repair at a semi-per-
missive temperature.33

Overnight cultures grown at permis-
sive temperature (23°C) were diluted and 
grown to logarithmic phase at permis-
sive (green in Fig. 3), or semi-permissive 
temperature, 30°C (red in Fig. 3) for 3 h. 
Subsequently the cells were arrested in G

2
 

with nocodazole for 2 more hours at the 
same temperature. Cells were then irradi-
ated with UV or IR and spread to plates 
that were incubated at permissive or semi-
permissive temperatures for recovery and 
colony formation. In Scenario 1 (Fig. 3C 
and D), cells were grown, arrested and 
incubated following irradiation at permis-
sive temperature. Under these conditions, 
DNA damage-induced recombination was 
low. In Scenario 2, cells were grown to log-
arithmic phase and arrested by nocodazole 
at semi-permissive temperature, irradiated 

in both UV- and IR-induced allelic recom-
bination when cells are irradiated at G

2
, 

whereas there was only an approximate 
2-fold increase in recombination for cells 
irradiated at G

1
33 (Fig. 3B). Importantly, 

the survival of WT tetraploid and MCD1 
simplex cells exposed to 20 krad in G

2
 is 

similar (80% vs. 50%, respectively), and 
there is no difference in survival after 40 
J/m2 UV exposure. Therefore, the dif-
ference in inter-homolog recombination 
cannot be attributed to any large effect on 
survival. These observations suggest that 
UV-induced allelic recombination can 
be very efficient in G

2
, if sister chromatid 

cohesion is compromised. Hence, passage 
of cells though S phase is not required for 
recombination.

While the experiments with reduced 
levels of cohesin provided an approach to 
addressing events initiated in G

2
, the extent 

to which events occurring in G
2
 contrib-

uted to recombination was not clear. To 
address directly UV-induced recombina-
tion within G

2
 (i.e., before mitosis), we 

have utilized temperature-sensitive mcd1 

manipulating the levels of cohesin com-
plex by changing the gene dosage of the 
cohesin gene MCD1 it is possible to greatly 
increase recombination induced by DNA 
damage administered to G

2
 cells.33 We 

established that damage-induced recom-
bination between homologs is suppressed 
by cohesin in mitotic cells (Fig. 3A and B) 
using an inter-homolog recombination 
assay. The same assay is used in Figure 3D 
and Figure 4; the strains contain 5' and 
3' truncated alleles of TYR1 with an over-
lap of 400 nucleotides. Recombination 
between the homologous chromosomes 
within the TYR1 locus results in the abil-
ity to grow on media lacking Tyrosine. 
Recombination frequencies are deter-
mined by the number of TYR+ colonies 
divided by total survivors; for details, see 
ref. 33. The induced recombinants/106 
survivors correspond to frequency of 
events after DNA damage treatment less 
the no treatment control frequency. We 
found that reduction of the Mcd1 compo-
nent within the sister chromatid cohesion 
complex resulted in a 10–20-fold increase 

Figure 3. Altering cohesin affects damage-induced recombination. (A) Cohesin channels recombination toward sister chromatids and away from 
homologous chromosomes in G2. this model describes the role of cohesin in preventing homologous recombination (see ref. 33; the reproduction of 
the model was done according to the Creative Commons Attribution License -2.5 of Plos). (B) tetraploid Wt and the hypomorphic “simplex” cohesion 
mutant with one copy of MCD1 (for details see text and ref. 33) were irradiated with ir or Uv in the G1 or G2 phases of the cell cycle. Presented are the 
frequencies of DNA damage-induced allelic recombination per unit radiation. For the x-axis, the unit dose was J/m2 for Uv and krad for ir. symbols: Wt 
G1, white solid squares; Wt G2, white striped squares; MCD1 simplex G1, gray solid squares; MCD1 simplex G2, gray striped squares. (C) Four scenarios 
that utilize temperature changes to alter cohesin activity in the mcd1–1 temperature-sensitive mutant are presented: 23°C, light green; 30°C, red. in 
scenarios 1, 2 and 4, the logarithmic growth of the culture and the G2 arrest occur at the same temperature. in scenario 3, the cells are grown to loga-
rithmic phase at 30°C and arrested with nocodazole for 90 min at the same temperature, but then the temperature is shifted to 23°C for 30 min before 
irradiation while remaining in nocadazole. (D) recombination induced by 20 krad ir or 40 J/m2 for each scenario in (C).
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was comparable to survival after 5 krad 
(Fig. 4A). If much of the UV-induced kill-
ing were due to DSBs, then 40 J/m2 would 
yield an amount of DSBs corresponding 
to 5 krad. (In fact, under these conditions 
not all the lethality events in rad52-defi-
cient cells are due to un-repaired DSB; 
some of them are due to other DNA 
lesions; therefore, the IR equivalent dose 
may be lower than 5 krad). However, as 
determined for two very different mcd1 
mutants (mcd1-1 and MCD1 simplex), the 
recombination frequency induced by 40 J/
m2 UV in mcd1 mutants was equivalent to 
13 krad IR (Figs. 3 and 4B and ref. 33). 
These data suggest that UV induces 
recombination more effectively than kill-
ing rad52 cells. If UV can lead to DSBs, 
then they would account for only around 
40% (5/13) of the UV-induced recombi-
nation events.

We examined DSB induction directly 
using an assay we developed that is based 
on linearization of circular chromosome 
III.4,42-44 Presented in Figure 4C are results 
from an initial set of experiments in which 
cells were irradiated with 40 J/m2, and the 
chromosomes were displayed using pulse-
field gel electrophoresis (PFGE) (precise 
evaluations are the subject of future inves-
tigations). As expected, there were no 
linear chromosome III molecules immedi-
ately following UV-irradiation. However, 
they did appear at 1 h, and by 4 h there 
was a shift in position. This “PFGE shift” 
is likely due to resection at the ends of the 
broken DNA molecules (marked with a 
solid arrow on Fig. 4C), as described by 
Westmoreland et al.4 Higher molecular 
weight forms of chromosome III (dashed 
arrows Fig. 4C) are in the size range 
that would correspond to a linear dimer 
of chromosome III, which is likely due 
to recombination.4 Similar results were 
obtained for mcd1–1 cells. Interestingly, 
the formation of the resected chromosome 
III was highly dependent on the activity 
of NER. Linear size chromosome III mol-
ecules did not appear in a rad14-deleted 
strain (Fig. 4C), demonstrating that the 
NER mutation rad14 may prevent break 
accumulation induced by UV when cells 
are irradiated in G

2
.

These PFGE determined results are 
consistent with the view in Figure 1 that 
excision repair could lead to overlapping 

than for cells grown at semi-permissive 
temperature and recovered at permissive 
temperature (Scenario 2). Importantly, 
under the conditions of Scenario 4, there 
is a reduction in survival in response to 
DNA damage comparing to Scenario 1 
(permissive temperature) (20% vs. 40%, 
respectively, for IR and about 20% vs. 
60%, respectively, for UV). Therefore, 
it is not clear what the direct effect on 
recombination is and what is the indirect 
effect due to reduction of survival.

Collectively, these results suggest that 
manipulation of temperature results in 
rapid changes in Mcd1 activity in the 
mcd1-1 temperature-sensitive mutant. As 
a result, it is possible to alter quickly the 
choice between sister chromatid (i.e., sup-
pression of homologous recombination) 
and homologous chromosomes. Based on 
the results from the different scenarios, we 
conclude that cohesin has to be active at the 
time of DNA damage induction or shortly 
after. The increase in allelic recombina-
tion under Scenario 4 vs. Scenario 1 can 
be explained in two ways. First, it could be 
that some UV or IR DNA lesions are con-
verted to DSBs during DNA replication at 
the next cell cycle when cohesin is already 
compromised, leading to increased allelic 
recombination.40 Second, the events may 
still occur in G

2
. Some recombination 

events can occur a long time after induc-
tion of DNA damage while the cells are 
still at G

2
33,41 and, for the case of Scenario 

4, after cohesin activity is reduced.

UV-Induced Cell Death  
and Recombination Frequencies 

Suggest Both DSB and  
Non-DSB Intermediates

While these results with the mcd1 mutants 
support the view of a replication-indepen-
dent mechanism for UV-induced recom-
bination, there remains the question of 
whether DSBs might be involved. We sug-
gest that UV-derived DSBs can contrib-
ute significantly, although probably not 
solely, to the UV-induced recombination. 
Since DSBs are lethal in rad52-deficient 
cells, the survival response of rad52 cells 
treated with ionizing radiation could be 
used to estimate the number of the pro-
posed UV-derived DSBs. For rad52-null 
cells irradiated in G

2
, a 40 J/m2 UV dose 

and subsequently incubated at the permis-
sive temperature. If recombination occurs 
within G

2
, allelic recombination should 

be high, since cohesin is partially inac-
tive, allowing greater interaction between 
homologous chromosomes. However, if 
recombination occurs outside of G

2
 (i.e., 

after cell division and/or requires replica-
tion), the reduced cohesin activity at semi-
permissive temperature should not make a 
difference, since Mcd1 is degraded during 
anaphase and is highly expressed in early 
S phase.34,35 We found that allelic recom-
bination was 10-fold higher for Scenario 2 
as compared with Scenario 1. Therefore, 
recombination induced by exposure of G

2
 

cells to UV or IR appears to be confined 
to G

2
 (Fig. 3D). Under these conditions, 

there is no significant difference in the 
survival between Scenario 1 and Scenario 
2 (40% vs. 30%, respectively, for 20 krad, 
p = 0.1; 57 ± 3 vs. 49 ± 5, respectively, for 
40 J/m2).

When cells were grown and arrested at 
semi-permissive temperature but shifted 
to permissive temperature 30 min before 
irradiation while still in nocodazole 
(Scenario 3, “30-23-23”), the level of 
induced-recombination was reduced 
~2-fold as compared with Scenario 2 but 
still higher than Scenario 1. Therefore, 
despite the shift to permissive tempera-
ture, sister chromatid cohesion capacity is 
not fully restored. This is not surprising, 
since while cohesin can be synthesized in 
G

2
, it has to be activated in order to be 

cohesive. Usually, activation occurs in 
S phase and not in G

2
. However, DNA 

damage can activate cohesin,36,37 even 
outside of S phase. Yet, the role of DNA 
damage-induced cohesion in recombina-
tion is not clear.38, 39 Using the conditions 
of Scenario 3 the DNA damage reactiva-
tion of sister chromatid cohesion and its 
ability to suppress UV- and IR-induced 
allelic recombination could be stud-
ied by manipulating genes that control 
DNA damage-induced cohesion. Finally, 
for cells grown and arrested at permis-
sive temperature, irradiated at G

2
 and 

recovered at semi-permissive temperature 
(Scenario 4) there was a 3–5-fold increase 
in DNA damaged-induced allelic recom-
bination compared with cells kept only at 
the permissive temperature (Scenario 1). 
However, the frequencies were ~3-fold less 
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using different assays are needed to assess 
the extent to which lesions other than 
DSBs contribute to the recombination. 
Using the system we described to regu-
late cohesin function during the cell cycle 
(Fig. 3 B–D) provides the opportunity 
to identify additional genes involved in 
various types of DNA damage-induced 
recombination, including UV. The possi-
bility that UV can induce recombination 
at G

2
 and in a DSB-independent manner 

has interesting implications regarding 
the mechanism by which cohesin con-
trols HR. So far, cohesion was thought 
to control HR through recruitment to 
DSBs.47,48 It remains to be seen if cohesin 
can be recruited to other recombination 

The apparent contradiction can be easily 
resolved; although there would be no DSBs 
associated with removal of UV-lesions 
in the NER-deficient cells, many more 
DSBs might arise upon subsequent entry 
of cells into S phase due the blockage of 
replication by the enormous amounts of 
unrepaired lesions. In the absence of the 
recombination machinery, both replica-
tion fork collapse and increased UV muta-
genesis can lead to cell death.

Overall, we present evidence that sup-
ports DSB intermediates in UV-induced 
recombination but does not exclude 
the possibility of other intermedi-
ates. Quantitative measurements of 
UV-induced recombination in G

2
 cells 

gaps, which would be seen as DSBs, simi-
lar to our findings with methyl-meth-
anesulfonate (MMS).42,43,45 Based on the 
direct induction of DSBs by IR, it appears 
that the amount of linearized molecules 
resulting from NER after 40 J/m2 is in 
the range of that produced by 1–5 krad 
or around 5 to 10 DSBs/cell (Fig. 4C 
and D and ref. 4). The nature and mode 
of formation of these breaks is under cur-
rent investigation. Regardless, the impact 
of a NER mutation might be expected to 
reduce the lethal effects of UV in rad51 
and rad52-null cells; this expectation is 
in contrast to the synergistic interaction 
between NER mutants and recombina-
tion mutants when treated with UV.46 

Figure 4. significant contribution of DsBs to Uv-induced recombination. (A) survival curve of rad52-null cells arrested in G2 by nocodazole and treated 
with ir. the survival of rad52-null cells treated with 40 J/m2 is placed on the trend-line. the vertical gray line represents the dose in krad equivalent 
to 40 J/m2. (B) Dose-dependent ir-induced recombination is presented for two mcd1 mutants; MCD1 simplex (solid line) and mcd1–1 (dashed line). 
the data for mcd1–1 is taken from Figure 3B, scenario 2 and for MCD1 simplex from Figure 3A. recombination induced by 40 J/m2 was calculated for 
both MCD1 mutants and placed on the trend-line. vertical gray lines represent the dose in krad equivalent to 40 J/m2. (C) Detection of DsB formation 
after UvB and ionizing radiation are as previously reported.43,44 Briefly, overnight cultures of Wt, mcd1–1 and rad14 haploid strains were grown at 30°C, 
arrested with nocododazole and then exposed to 40J/m2 UvB in ice-cold water. the cultures were then returned to YPDA containing nocodazole 
to incubate for up to 4 h (30°C). As a control, cells were irradiated with ir (5, 10, 20, 40 krad) using a 137Cs irradiator and harvested immediately after 
irradiation. Cells were processed for PFGe analysis as described.45 Linear chromosomes iii (details in text) were determined by southern blotting with 
a CHA1 probe; the zone corresponding to linear chromosome iii or its derivatives is marked by a rectangle. the solid arrow indicates a resected linear 
DNA molecule and the dashed arrow points to a possible linear dimer of chromosome iii (details in text). (D) ir dose-dependent southern blot signal 
from a chromosome iii specific probe [represented as AU (Arbitrary Units)]. Gray solid and Gray empty circles represent the chromosome iii southern 
signals obtained for Wt and mcd1–1 cells irradiated with 40 J/m2 after 4 h, respectively [see lane 11 and 17 of (C)].
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Concluding Remarks

The skin of humans can experience as 
many as 100,000 UV lesions per day49 (and 
references therein) some of which could 
lead to LOH. Since LOH can change the 
balance between WT and mutant alleles, 
it is important to understand mechanisms 
of UV-induced recombination, especially 
the genetic risk for increased LOH. Since 
cohesin properties in humans are similar 
to yeast, the approaches described here are 
particularly relevant to addressing the role 
that cohesin may play in protecting the 
human genome and preventing disease 
associated with genome instability.
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