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• The delitto perfetto system for in vivo targeted mutagenesis 
using oligonucleotides

• Mechanisms of recombination and double strand break repair 
with oligonucleotides





GAL1-I-SceI kanMX4 KlURA3 CORE-I-SceI 
    cassette

I-SceI site
                     PCR

Integrate

Induce DSB

Add Oligos

CORE-I-SceI

DSB

TR CORE-I-SceI P5

TRP5*
*

Induction of a double-strand break (DSB)
stimulates oligo targeting more than 1000 fold

*
*

Storici et al., PNAS 2003 

Replace CORE and repair DSB
with oligos



Targeting is highly efficient -- up to 15%!
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Targeting to DSB is efficient with oligos >50 nucleotide
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What is the mechanism of
oligonucleotide targeting to a DSB?



Homology dependent DSB repair in yeast
(initial steps)
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Single strand annealing (SSA)

Homology dependent DSB repair

From: Symington, Microb. and Mol. Biol. Rev., 2002

Strand invasion
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• Understand mechanisms of DSB-mediated
  oligonucleotide targeting in yeast

• Dissect DSB repair pathways using
  oligo-mediated targeting

Focus of this study
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Effect of null mutations in DSB repair
 on targeting of ss-oligos to a DSB
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•Homology dependent repair

•Only Rad52 is essential

•Independent of Rad51, Rad54 and Rad55

•Increased 2-3 X in rad51, rad54, rad55 mutants

Targeting of oligonucleotides to a DSB:

Major pathway:  Rad52-dependent SSA



Does the homologous chromosome compete with oligos
for DSB repair in diploids?

TR CORE-I-SceI P5 CWH41
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VII

Can rad51 or rad54 deletion stimulate oligo recombination in the presence
of the homologous chromosome competing for DSB repair in diploid cells?
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Can oligos target sites distant from the DSB?

DSB

TR
11.9 kb4.7 kb
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16.6 kb deletion

1%
4-fold increase in targeting
in the absence of Rad51

Oligos can effciently target sites distant (up to 12 kb) from 
the DSB by a SSA mechanism

A large region around a DSB is activated for recombination

Does the targeting require Rad51 function?



Is targeting stimulated when oligos are homologous
 to only one side of a break?



TR P5CORE-I-SceI

e
f

INS-31 bp
10 kb

T
rp

+
 T

ra
n

sf
o

rm
an

ts

ef
NO DSB

0

500

1000

1500

2000

2500

3000

3500

4000

ef + R
NO DSB

ef
DSB

ef + R
DSB

Repair oligos

A DSB stimulates targeting of
oligonucleotides homologous
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transformants requires
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Is targeting stimulated when oligos are homologous
 to only one side of a break?
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3’-strands are preferred targets
-- this indicates 5’-resection
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Repair of a DSB with a ss-oligo supports ‘template’ model
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Delitto perfetto in vivo mutagenesis using oligonucleotides
•very efficient
•high throughput

Conclusions

Mechanisms of recombination and double strand break

repair with oligonucleotides
•via single-strand annealing (SSA) with resected ends of a DSB

•also distant sites (up to 12 kb) from a DSB are targeted via SSA

•primarily through a “template” mechanism

•only RAD52 is essential

•we confirm the RAD52 capacity to perform SSA in vivo

•Rad51, Rad54 and Rad55 suppress oligonucleotide targeting
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