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helping you Having received your reply, your Production Editor, Yonie Overton will stay in
touch with you continuously, from manuscript submission to final online and print
publication.

Yonie copyedits your article, solicits review by a member of the Editorial Committee,
coordinates illustration editing, sends you galleys showing all suggested revisions, has your
final version typeset, coordinates final proof correction, monitors early online publication,
and organizes final printing.

Additional in-house support: lllustration Editors who contribute graphics skills, our
Bibliographic Quality Controller who will help perfect your references, and our

Electronic Content Coordinator who will post your article and any supplemental materials
(time-based media or large data sets) online.

your article’s impact ARGHG ranks in the top 10 among the 124 “Genetics and
Heredity” journals in ISl Impact Factor. The PDFs of ARGHG articles are downloaded an
average of 1414 times in their first year online, 2300 times in their first five years up. The
127 ARGHG articles published since Volume 1 have garnered 2574 citations and have
cumulatively earned 241,688 PDF downloads.

donation programs The Annual Review of Genomics and Human Genetics is donated
in print to institutions in need worldwide and is distributed free or well below cost online
through HINARI, AGORA, TEEAL, PERI, and other current-content donation programs.

*Every author is also asked to nominate the recipient of a complimentary AR subscription.
AR will donate, in your name, a one-year subscription to your AR series or any other.

online features Everything AR has ever published (1932 till now) awaits users online.
25,600 articles in 35 disciplines are available and full-text searchable.

With your OK, we will publish your edited, approved, and typeset review online up to
4-6 months ahead of print as a Review in Advance (any final, crucial corrections will be
made later, before final publication).

More good stuff: lllustrations available as slides, all downloadable. Supplemental materials
(audio, video, large data sets) are posted online. Customized alerting to new content.
References linked to cited publications’ full text where available. Content widely covered
by indexing and abstracting services.
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Multiply damaged
sites: multiple

strand and/or base
lesions clustered in
close proximity ina
DNA duplex that
have a high potential
for progressing to
DSBs

delaying cell cycle
progression and
promoting repair in
the face of DNA
damage, controlled
by cascades of
protein kinase

activity

rand break
(SSBR): the

and small gaps are
direcly religated

when joined. The final joint type does not oc-
curvia overhangs atall, but rather via recessed
microhomologics that were exposed in the ad-
jacent duplex DNA.

Making DSBs in Yeast

Thesimplest DSBR assays entail treating cells
with radiation or chemicals and monitoring
cither cell survival or physical repair using
methods such as gradient centrifugation. This
approach has been of less value for yeast
NHE] since most DSBsare repaired by HDR,
but should be revisited now that HDR can be
controlled (sce below).

“The mostcommon NHE] ass:
form yeast with linearized plasmids, which
requires recircularization by repair enzymes
in vivo. ‘Transformation is casy and gener-
ally quantitative when compared with circular
plasmid controls. Plasmid transformation uses
naked DNA, however, and the chemical treat-
ment of cells is itself genotoxic (35). The in-
fluence of these parameters may not be equal
for lincar and circular DNA and must be con-

isto trans-

sidered, especially when assessing chromatin
and checkpoint functions. A further limita-
tion has been the small number of physiologi-
cally relevant end configurations that could be

A LIVING TEST TUBE FOR NHEJ

Yeasthave proven to be an effective system for studying ectopi-
cally reconstituted breakage and repair systems. The maize

cut-and-paste transposon Ac/Ds is mobile in yeast, and re-
pair of its hairpin-terminated excision site is dependent on
veast NHE] proteins (97). Yeast NHE] will also repair breaks
created by expressed vertebrate RAG endonucleases, which
has potential implications for V(D)J recombination (19). Fi-
nally, Mycobacterial Ku and ligase proteins will reconstitute
NHEJ in mutant yeast (22). This last system is attractive be-
cause it is so compact. For example, M i

possesses most needed activities in only two proteins of 1033
total amino acids. Thus, bacteria represent a unique opportu-
nity to study coordination of the NHE] reaction in a simplified
system.
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achieved, but this was recently addressed by
li ligonucleotide pairs onto the ends
of the plasmid (20).

Another useful approach employs mega-

endonucleases, such as HO and I-Scel, whe
action can be restricted to a single cut site
in vivo (33). This allows quantitative assess-
ments of breakage and repair by cell survival,
since even a single DSB is lethal if unre-
paired, or physical monitoring with Southern
blots or PCR. Importantly, continued expres-
sion of the endonuclease leads to recleavage
of restored cut sites and prevents recovery of
precise repair events. This can be overcome
by coupling breakage and repair to termina-
tion of endonuclease expression (48). Alterna-
tively, constitutive expression can be useful to
study imprecise NHE] (68, 95). Placing two
copies of the asymmetric cut sites in head-
to-head orientation forces incompatible ends
(61).

YEAST NHE] PROTEINS

Although the concept of illegitimate recom-
bination is decades old, the term NHEJ was
not coined until 1996 when Moore & Haber
used it to describe the repair of DSBs that
oceurred in yeast in the absence of a ho-
mologous donor (68). The defining feature
of NHEJ was apparently the ability to seck
out fortuitous microhomologics. This is of-
on, but

ten seen as distinet from simple
definin
joining can be misleading. Better definitions
are derived by considering the biochemical
pathways of DSB rejoining. In this section
we describe the proteins whose involvement
defines the current best sense of NHE], the
pathway that is uniquely dependent on the
combined actions of Ku and DNA ligase

NHE] by outcomes such as misre-

IV. Dudsovd ct al. recently reviewed yease
NHE] proteins with a focus on their mam-
malian counterparts (27). We approach this
task by considering a comparison with single-
strand break repair (SSBR) and structural
correlates.
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