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of part of the tRNA occurs, providing the 
genetic material that is inserted by non­
homologous recombination events. 
Vit Lauermann 
Advanced BioScience Laboratories, 
Frederick Cancer Research and Development Center, 
Building 539, PO Box B, 
Frederick, Maryland 21702, USA 
e-mail: vit@welchlink. welch.jhu. edu 

Haber and Moore reply-We do not yet 
know how a specific segment of Tyl can be 
captured at the sites of double-strand breaks, 
and the suggestion by Lauermann provides 
one plausible explanation of the source of 
the putative eDNA segment. But we feel that 
the details of the events that we characterized 
favour our original interpretation. 

The intermediate suggested by Lauer­
mann would contain eDNA initiated at the 
primers PPTl or PPT2 and should contain 
all of the long-terminal repeat (U3-R-US), 
but three of the four repairs we studied con­
tained R and US but lacked any U3. We 
prefer an explanation in which the initial 
minus-strand strong-stop eDNA, beginning 
at the primer-binding site and including only 
US and R, was the source of the captured 
DNA. The abundance of this intermediate 
might be greater among (often mutant) nat­
ural Tyl elements than for a construct carry­
ing an inducible Tyl gene. This is consistent 
with our observation that expression of Tyl 
messenger RNA from a galactose-inducible 
promoter had little effect on the frequency of 
these largely endogenous events2• 

Lauermann's explanation is more likely 
for the insertion of HIS3 derived from 
eDNA of a galactose-inducible Tyl mhis3AI 
construct observed by Teng et a/. 1, but more 
recent results from Teng and Gabriel suggest 
that this may not be the case (see below). 

The covalent ligation of RNA with DNA 
during insertion by DNA replication is not 
entirely new. It has recently been document­
ed for group II introns in a reverse splicing 
reaction8• But such an RNA-DNA junction is 
not a necessary intermediate in the process. 
It would suffice for the tRNA- cDNA seg­
ment to be used as a template by one 3' end 
of the broken DNA, to copy these sequences. 
The fact that all of the Tyl sequences con­
taining Rand US are inserted in one orienta­
tion supports this idea (ref. 2 and see below). 

Clearly additional experiments are need­
ed to determine which eDNA intermediate 
is used as the source of the inserted DNA, 
and to establish how the non-homologous 
junctions are formed. 
James E. Haber, J. Kent Moore 
Rosenstiel Center MS029, Brandeis University, 
Waltham, Massachusetts 02254-9110, USA 

Teng and Gabriel reply - Lauermann has 
suggested that the observed1'2 Tyl insertions 
associated with the primer-binding site may 
be derived from plus-strand cDNAs, whose 
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3' ends are templated by primer tRNA 
present at the 5' end of minus-strand eDNA. 
Further, he suggests specific experiments to 
verify his hypothesis. Recent data from our 
laboratory bear directly on these proposals. 

We examined histidine prototroph for­
mation among survivors of HO cutting in 
yeast strains carrying wild-type, ppt1-
mutant, or ppt1- /ppt2 - double mutant 
versions of a GALl-Tyl element marked 
with mhis3AI. We screened 52 independent­
ly targeted histidine prototrophs (Fig. 2a) by 
polymerase chain reaction (PCR) and iden­
tified nine (17%) in which U3 sequences 
were closely linked to either the right (Z1) or 
left (Yo:) side of the HO cut site at MATa. A 
strong bias for linkage with the left side of 
the HO cut site was seen (eight of nine pro­
totrophs, Table 1). By sequencing these eight 
junctional segments, we determined that 
each contained between four and ten bases 
of the primer-binding site separating US 
from the MAT segment. These sequences 
were indistinguishable from those observed 
by Moore and Haber2 in wild-type yeast. A 
potential base complementarity of 7/l 0 
between the left end of the HO cut site and 
the primer-binding site (Fig. 2b) may 
underlie this strong insertion bias. 

Our findings do not support Lauer­
mann's prediction that insertions derived 
from the ppt 1-/ppt2- mutant version of 
Ty1 will lack associated primer-binding­
site sequences. Instead our results suggest 
that minus-strand eDNA with its attached 
tRNA- the expected Ty1 replication inter­
mediate in the pptl - /ppt2 - double mutant 

Table 1 ResultsfromPCRanalysls 
G/lJ...I-Ty1 No. No. associated No 
associated 
element analysed with MAT a, L with MAT a, R 
. . . .... . •.• . .. . .. .. . . ••. . .. . . . ... ••.• ... ... . . . .... . . . .•.••. . .•. . . . .....••...... 
Wild type 26 3 1 ................ . .............. . 
ppt1- 11 0 
mutant 

ppW /ppt2 - 15 
mutant 

4 0 

Tabulation of results from the PCR analysis shown in Fig. 
2a, using independent MAT a targeted insertion events 
derived from a variety of Ty1 constructs, carrying wild-type. 
ppt1 -mutant or ppt1· /ppt2· mutant versions of a GAL 7-Ty1 
element marked with mhis3flJ. L, left (primers 1 and 3) , R, 
right (primers 1 and 2). Targeted H'S3 insertions were 
obtained as described in ref. 1. 

strain - is the most likely substrate for 
insertional repair. 

A plausible model for repair in these 
cases would involve plus-strand synthesis 
initiated from the right end of the cut site, 
using minus-strand eDNA as the template. 
Plus-strand synthesis would end with par­
tial copying of the attached tRNA. After 
RNaseH cleavage of the tRNA-DNA duplex, 
the terminal primer-binding-site region 
would be exposed and could be anchored to 
the left end of the HO cut site by comple­
mentary base pairing. Our data indicate 
that, even with wild-type Ty1 constructs, 
insertions may be formed from intermedi­
ates or 'dead-end' products of the replica­
tion process, as ends containing primer­
binding sites are not expected to be found in 
mature double-stranded Tyl DNA. 

Our new results cannot distinguish 
between repairs initiated from plus-strand 
or minus-strand eDNA, or even from RNA 
templates. However, the primer-binding 
site-HO cut site complementarity suggests 
that the observed junctional 'hotspot' 
results from terminal base pairing and 
consequent stabilization of the two single­
strand ends. Yeast may use various sub­
strates during insertional repair of 
double-strand breaks, and our data show 
that minus-strand Ty1 eDNA linked to its 
primer tRNA might be one such intermedi­
ate. Further work is needed to determine 
the relative contributions of different repair 
substrates, including plus-strand eDNA. as 
suggested by Lauermann. 
Shu-Chun Teng 
Abram Gabriel 
Department of Molecular Biology and Biochemistry, 
Rutgers University, Piscataway, 
Neo,v jersey 08855, USA 
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