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The mechanistic and therapeutic differences in the cellular response to DNA-damaging compounds are not completely
understood, despite intense study. To expand our knowledge of DNA damage, we assayed the effects of 12 closely
related DNA-damaging agents on the complete pool of ~4,700 barcoded homozygous deletion strains of
Saccharomyces cerevisiae. In our protocol, deletion strains are pooled together and grown competitively in the
presence of compound. Relative strain sensitivity is determined by hybridization of PCR-amplified barcodes to an
oligonucleotide array carrying the barcode complements. These screens identified genes in well-characterized DNA-
damage-response pathways as well as genes whose role in the DNA-damage response had not been previously
established. High-throughput individual growth analysis was used to independently confirm microarray results. Each
compound produced a unique genome-wide profile. Analysis of these data allowed us to determine the relative
importance of DNA-repair modules for resistance to each of the 12 profiled compounds. Clustering the data for 12
distinct compounds uncovered both known and novel functional interactions that comprise the DNA-damage response
and allowed us to define the genetic determinants required for repair of interstrand cross-links. Further genetic
analysis allowed determination of epistasis for one of these functional groups.
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Introduction

Eukaryotic cells possess multiple mechanisms to cope with
structural damage to their DNA. For example, nucleotide
excision repair (NER) excises oligonucleotides containing a
covalently modified base and resynthesizes the deleted
fragment using the undamaged DNA strand as template [1].
Cell-cycle checkpoints respond to damaged DNA by initiating
a series of phosphorylation and dephosphorylation events
that result in a transient arrest of the cell cycle, providing
time for lesions to be repaired [2,3]. During DNA replication,
multiple pathways ensure the stability and restarting of
stalled replication forks at sites of DNA damage [4,5]. The
sum total of these activities and similar functional repair
“modules” are commonly referred to as the DNA-damage
response (DDR).

The study of gene products and pathways that comprise the
DDR has particular relevance to both the etiology and
treatment of cancer in man. A causative role for the DDR
in carcinogenesis is supported by several observations,
including the high degree of genomic instability observed in
tumor cells [6,7] and the number of DDR genes that, when
mutated, lead to cancer or to one of several inherited
disorders characterized by cancer predisposition [8]. Ther-
apeutically, many cytotoxic agents used to treat cancer act by
directly targeting DNA. Therefore, pathways that actively
repair DNA lesions are likely to contribute to the significant
problem of clinical drug resistance [9].

The high degree of conservation between the genes and
pathways involved in maintaining genetic integrity in yeast
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and all metazoans supports the use of model organisms to
better understand these pathways in man. Indeed, classical
forward genetic screens in Saccharomyces cerevisiae have led to
the identification of several genes important for responding
to DNA damage, providing the parts list from which the
current framework of the DDR has emerged [10,11]. The
results of these screens have been augmented by the recent
disruption and barcoding of each predicted yeast open
reading frame which has proven to be a powerful tool in
identifying additional components of the DDR [12-18].

In this study, we used fitness profiling [19-22] to inter-
rogate a pooled collection of ~4,700 S. cerevisiae homozygous
deletion strains for sensitivity to 12 agents known to
compromise the structural integrity of DNA (Table 1). Fitness
analysis of individual deletion strains identified in these
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Abbreviations: DDR, DNA-damage response; 2-DMAEC, 2-dimethylaminoethyl
chloride; DMSO, dimethyl sulfoxide; FDR, false-discovery rate; HRR, homologous
recombination repair; ICL, interstrand cross-link; MMS, methyl methanesulfonate;
NER, nucleotide excision repair; 4-NQO, 4-nitroquinoline-1-oxide; PRR, post-
replication repair; TLS, translesion DNA synthesis; YPD, yeast extract/peptone/
dextrose
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