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There has been considerable discussion, with some data reported, addressing the question of the relative 
contributions of non-homologous end joining (NHEJ) and homologous recombinational repair (HRR) on the 
repair or rejoining of radiation-induced DNA double strand breaks, especially in relation to their operation 
during the cell cycle. Reports have included studies on chromosomal aberration induction in G1/G0 cells 
defective in NHEJ or A-T cells, for example, but relatively little on S/G2 cells and especially on mutants 
defective in HRR. The broad biological importance of homologous recombination is not an issue here. The 
question is how much does HRR contribute to the processing of radiation induced DNA dsb that can affect the 
yield of chromosomal aberrations in mammalian cells? 

We have recently undertaken a study to compare, specifically, the contributions of these two processes 
in protecting cells from induction of chromatid-type aberrations after gamma-irradiation of late S/G2 cells, 
where presumably HRR should provide its greatest contribution.  This study involved measuring the yields of 
chromatid aberrations in wild-type Chinese hamster cell strains and a variety of mutants defective in 
components of either the NHEJ or HRR systems. 

The normal wild-type cells used were CHO K1 (1), CHO AA8 (2), V79B (3), or V79-4 (4). Various 
mutant sub-lines  were used that were defective in pathways involving either HRR [ irs-1(Xrcc2) (5), 
irs1SF(Xrcc3) (6), irs3(Rad51C) (5), CL-V4B(Rad51C) (7), V-8C (Brca2) (7)] or NHEJ [Xrs-5(Ku70/80) (8), 
V3(DNA-PKcs) (9), irs-20 (DNA-PKcs) (10,11), and XR-1 (12)].  Briefly, log phase cultures of these cell lines 
were irradiated (0.0, 0.25, 0.5, or 1.0Gy) and then Colcemid was added 0.5 hours later for the first collection 
interval (0.5 to 2.5h) which we called the G2 sample, or starting 2.5 hours later for a second collection interval 
(2.5 – 4.5h) which we celled the late S sample.  After collecting these mitotic cells, slides were prepared for 
chromatid aberration analysis. 

The results for the yield of chromatid gaps plus breaks are plotted below in the left panel and the yield 
for chromatid exchanges in the right panel. The ratio of gaps to breaks was about 1:1 for the G2 samples but less 
for the late S samples. The background yields for no radiation are shown as open bars (G2 irradiation) and 
dotted bars (late S irradiation.  The yields for 0.5 Gy are shown as grey bars for G2 irradiation, and black bars 
for late S irradiation.  Uncertainties are standard deviations, and between 100 and 300 cells were scored for each 
yield estimate. A total of about 11,000 mitotic cells were scored for these experiments.   Regarding gaps and 
breaks, the induced yields for both G2 and late S irradiations were appreciably higher for all the NHEJ mutants 
(presumably with intact HRR).  This was especially striking for the xrs-5 (Ku70/80) mutant, 

indicating a large contribution to repair by the NHEJ system. (Without it the cells have more gaps and breaks).  



There also appeared to be some increase in levels of induced gaps plus breaks for the HRR-deficient cells with 
(presumably) an intact NHEJ system.   The right panel shows the result for chromatid exchanges.  One 
particularly interesting feature was the relatively low level of increase in the exchanges for the NHEJ mutants, 
especially the xrs-5 (Ku70/80-/-) and XR-1 (XRCC4/LIGASE4) mutants.  Deficiency in dsb rejoining might be 
expected to result in a reduction in exchanges with a corresponding increase in unrejoined breaks and this is 
indeed what we observed.  The exchange frequency was higher in V3 cells (DNA-PKcs null) than its wild-type 
parent, and it may be pertinent that cells which have drastically low levels of DNA-PKcs are also deficient in 
ATM protein (13).  For the HRR deficient cells, we also saw a marked increase in exchanges indicating that the 
HRR system was also effective in repairing some breaks that interact to form exchanges.   It should be noted, 
however, that the scales for the right (gaps + breaks) and left (exchanges) panels differ by a factor of about 5, so 
on average the yield of gaps and breaks was approximately five-fold higher than the yield of exchanges.  
 In summary, our results agree with the conclusion that, along with NHEJ, HRR does contribute to repair 
of DNA damage leading to chromatid aberrations after irradiation of late S or G2 cells, and this is especially 
pertinent regarding the relative contributions from the two processes to exchange formation.  HRR seems to 
function more effectively to repair damage in late S and G2 that would lead to exchange formation, with NHEJ 
less effective in this regard, but NHEJ seems much more effective in promoting the restitution of breaks that 
might otherwise lead to deletions. 
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