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Close encounters of the PNA kind 
Peter M. Lansdorp 

Recognition of specific DNA sequences is of 
major importance for the identification and 
analysis of any genome. Oligonucleotide 
probes are convenient and versatile tools for 
such recognition, but require single-strand 
molecules that are not always available or 
informative. In this issue, Smulevitch et al.' 
describe novel ways to create stretches of sin
gle-stranded DNA in genomic DNA that are 
likely to greatly expand the use of oligonu
cleotide probes for genome research and 
diagnostic purposes. 

Current methods to detect point muta
tions and other sequence alterations typical
ly involve PCR amplification of the DNA of 
interest followed by sequencing of the ampli
fied product. This is a relatively labor-inten
sive and time-consuming approach that has 
nevertheless proven its value and is likely to 
remain the gold standard in the foreseeable 
future. The paper of Smulevitch et al. sug
gests, however, that alternative, more direct 
methods are on the horizon that may result 
in considerable savings in time and cost. 

Smulevitch et al. point to novel ways to 
insert unique restriction sites in genomes or 
tag selected sites in ways that could be help
ful in dissecting and organizing (map) 
genome sequences. For detection of point 
mutations, it is conceivable that PNA target
ed to suitable sequences in the vicinity of 
possible sequence alterations may allow 
access to single-stranded DNA with or with
out such alterations. Secondary DNA or 
PNA probes labeled with suitable reporter 
molecules could subsequently be detected 
without further manipulations. 

PNA appears particularly attractive to 
"report" such mutations because another very 
useful property of these molecules is their 
intolerance to base pair mismatches relative to 
regular oligonucleotide probes'. Of course, it 
helps for the proposed applications that PNA 
molecules are extremely stable and appear ide
ally suited for deposition on high-density 
oligonucleotide arrays or "sequence chips." 

Do we perhaps expect too much from 
PNA? Don't count on it. What needs to be 
established are the exact sequence require
ments needed to achieve PNA strand inva
sion and the frequency of suitable sequences 
in various genomes. However, given the 
potential of these novel ways to access genet
ic code, this information should become 
available in the near future. 
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The strategy is based on alterations of the 
backbone charge of oligonucleotides and 
focuses on the unique chemical properties of 
peptide nucleic acid (PNA) in which the 
charged phosphate sugar backbone of DNA 
or RNA oligonucleotides has been replaced by 
an uncharged N-(2-aminoethyl) glycine pep
tide backbone'·'. The uncharged nature of the 
peptide backbone in PNA results in a set of 
remarkable hybridization properties that are 
exemplified by recent papers on the use of 
PNA in antisense applications•·' , fluorescence 
in situ hybridization•, and strand invasion1·•. 

Big news for plant transformation 

In this latest work, PNA specific for 
selected inverted repeat sequences was 
allowed to invade double-stranded target 
DNA and form a DNA-PNA duplex. PNA 
oligomers, but not regular DNA or RNA 
oligomers, can perform this trick because 
the absence of the charged phosphate group 
allows sufficient access to specific nucleotide 
sequences to replace existing nucleotides and 
destabilize the double helix at selected sites. 
Once a PNA-DNA duplex has formed, the 
displaced single-stranded DNA becomes 
accessible for secondary sequence specific 
probes, which can then be used to tag such 
sequences or initiate sequencing reactions. 

Taken together, the observations by 
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Richard Michelmore 

The plant parasitic bacterium Agrobacterium 
spp. provides a remarkably efficient method 
for introducing DNA into a wide range of 
plant species. As a critical part of its natural 
pathogenicity, Agrobacterium transfers a 
15-25 kb T-DNA section from the large Ti 
plasmid into the plant chromosome'. To gen
erate vectors for transformation, the T-DNA 
has been engineered to remove the bacterial 
genes, and a variety of sequences have been 
added to allow routine transfer of a wide 
range of recombinant transgenes. Most con
structs contain less than 25 kb between the T
DNA borders, although inserts up to at least 
35 kb have been known to be transferred 
with reasonable efficiency. Infrequent trans
fer of large inserts has been demonstrated: 
185 kb of the wild-type Ti plasmid was trans
ferred when the orientation of the right T
DNA border sequence was reversed'. 
However, routine transfer of large recombi
nant T-DNAs has not been reported. 

Hamilton et al. have transferred a 150-kb 
fragment of human DNA from a bacterial 
artificial chromosome (BAC) vector into 
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tobacco' and tomato (personal communica
tion). This has been made possible by the 
development of BAC technology for the 
cloning of large genomic fragments in 
Escherichia coli' and the development of a 
vector that functions as a binary T-DNA as 
well as a BAC vector (BIBAC; C. Hamilton, 
unpublished data). 

There are several potential uses for this 
technology, but its most significant impact 
will be on map-based cloning efforts. A rate
limiting step has been the identification of 
clones encoding the targeted gene by com
plementation'. Previous complementation 
experiments involved binary vectors with up 
to 30-kb inserts. Transformation with 
numerous overlapping genomic clones has 
often been required. The capability to intro
duce over 100-kb genomic fragments will 
greatly reduce the number of transformation 
experiments necessary to localize the gene 
and allow subsequent complementation 
efforts to be focused on clones likely to carry 
the targeted gene. The increase in size pro
vided by the BIBAC vector is particularly sig
nificant, as it provides for the first time an 
overlap between the size of fragments used 
for complementation and the average spac
ing between molecular markers that can be 
readily achieved using AFLPs6• The rate-lim
iting step will now be the genetic resolution 
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