
LCN DNA Profiling Part I 
Amanda Knox, Canary in the LCN DNA Mine 
 
It’s called “Low Copy Number” DNA profiling (LCN DNA), and it could be a powerful 
tool against crime, or a chilling assault on our freedom. It is the technique used to claim 
that the kitchen knife found in Raffaele Sollecito’s kitchen drawer  had Meredith 
Kercher’s DNA on the blade. If it is used to convict Amanda Knox of murder, she may 
well prove to have been the “canary in the mine,” drawing our attention to a potentially 
serious threat to civil liberties everywhere. 
 
We have all heard about the remarkable abilities of DNA profiling to identify criminals 
and others from traces of their blood or bits of their skin. We have been told that the odds 
of a mistake being made are “billions and billions” to one in Carl Saganesque tones of 
certainty. But this new twist on the technique radically changes those odds, and not in a 
good way. 
 
Conventional DNA testing is done with a microscopic, but still significant size sample of 
DNA, on the order of 1 nanogram (1 billionth of a gram). This quantity provides enough 
material to ensure that it is physically associated with the actual evidence at a crime 
scene; a smear of blood, a patch of hair, a cigarette butt. You extract a sample from the 
specimen, and profile it. And you still have the specimen. You can extract a second 
sample, and test it again. Or pass it to the defense for their comparative analysis. The 
experiment is reproducible because there is enough material present to do the test more 
than once.  
 
“Interpretation of DNA profiles is assisted by the use of  systems that are not too 
sensitive. This is important  because the scientist often needs to associate the presence of 
a bloodstain (or other evidence) with the DNA profile itself.” Peter Gill, Forensic 
Science Service, U.K. Article available online at: 
http://www.denverda.org/DNA_Documents/LCN%20DNA%20Profiling.pdf 
 
This DNA is replicated by a method called the Polymerase Chain Reaction (PCR). This 
reaction splits the two halves of DNA apart, adds complementary base pairs to each of 
the halves, and voila, you have two DNA chains where before you had one. Do it again, 
and you have 4, 8, 16, 32... 268 million (2^28).  Ideally, each cycle of PCR gives twice 
the number of copies, so you have 2^N copies after N replication cycles.  
 
It is then diced up in a selective, specific way, and the pieces are spread out by a method 
called electrophoresis, which drives different lengths of DNA at different speeds through 
a gelatine material. The pattern of these different lengths is then analyzed statistically, 
and compared with the known DNA from various people. If the patterns match, the DNA 
is thought to match.  
 
This much is straightforward. Conventional DNA profiling is supported by a well-
established body of scientifically controlled experiments, it yields reproducible results, 



and these results have been extremely valuable, both in identifying the guilty, and in 
exonerating the innocent. But LCN DNA testing is a different matter entirely.  
  
Low copy number DNA profiling is usually performed by increasing the number of 
replication steps compared with conventional DNA testing, so that an even smaller 
sample is blown up to a large enough quantity for electrophoresis. Every added step 
roughly doubles the number of DNA chains, but also introduces exponentially greater 
chances for errors in the replication process. This is particularly important when the 
initial sample is very small.  
 
When a enough DNA is available as the starting “template,” the copying process is 
performed on a large number of molecules right from the start. Any small variation in 
whether or not a given molecule copies, and what parts of it copy, are washed out 
because there are a lot of templates available. If you miss one in one hundred, you only 
have a 1% error. However, if you only have a few template molecules, and any part is 
missed in the first stage, that error continues to be amplified throughout the PCR process. 
Miss one in five, and the error for that single step jumps to 20%. Some profile peaks may 
be diminished, some may be increased, some may drop out entirely, and “stutters” may 
occur, poorly understood false peaks that are, in a sense, combinations of other peaks.  
 
The statistical variation resulting from the tiny number of starting templates is significant. 
In fact, LCN DNA profiling is usually defined as either testing with a very small amount 
of starting material, say 100 picograms, or as profiling with results that fall below the 
normal stochastic limits of the technique. “Stochastic” means that an element of chance is 
involved, so that the system is not deterministic. It contains a significant amount of 
random noise. As a result, repeating the same LCN DNA tests on identical starting 
samples of material does not produce nearly identical profiles, unlike conventional DNA 
testing. 
 
The tests performed on the knife DNA by Stefanoni should be classified as LCN DNA 
profiling by either of the two definitions. The amount of material appears to have been 
well under 100 picograms, and the test results from that were below these stochastic 
limits. The same random fluctuations that plague LCN DNA affected her test results, 
because the number of starting templates was extremely small. She did not, however, use 
additional PCR cycles to increase the amount of sample present. More on that, and other 
discrepancies in Part II of this paper, which will show that her techniques were 
significantly inferior to the emerging LCN technique.  
 
Stefanoni’s technique shares another problem with LCN. If the sample size is small 
enough, there is nothing left after the replication and analysis to repeat the experiment. It 
cannot be reproduced. In scientific work, an irreproducible result is automatically suspect 
because there is no way of confirming it. There is even a famous science humor 
publication named the Journal of Irreproducible Results (www.jir.com).   
 
LCN DNA profiling can be an irreproducible technique for two distinct reasons. First, 
because the sample is too small for conventional testing in the first place, it is usually 



consumed and destroyed in the course of performing the LCN test. No sample, no 
reproducibility. Second, the test results that are produced contain this strong, random 
variability. If you perform LCN DNA profiling on ten identical samples, you can get ten 
different profiles, each differing from the others because of amplification of statistical 
flukes.   
 
In addition to the issue of reproducibility, LCN DNA is simply a very new technique, and 
that should prompt caution. In fact, most researchers in the field fill their papers with 
appropriate caveats about the need for further development, and further testing before the 
technique is widely used. Conventional DNA profiling has been rigorously tested, 
reproducibly performed in many laboratories around the world, and validated with 
carefully designed control tests. With LCN DNA profiling, no such body of controlled 
tests yet exists. The method is too new, too quirky, and too unreliable to be safely used 
until it is much better understood.  
 
Now let’s think about what all this means for civil liberties. How would you like to live 
in a world in which any person can be convicted of any crime, anywhere, any time, on the 
basis of unassailable, “scientific” evidence? The evidence will be unassailable, because 
there will be nothing left of it by the time the analysis is through. They will be able to 
swab an object at a crime scene, LCN DNA profile it, and present it in court with no risk 
of contradiction. It will be their word against yours, and they will have a bunch of 
apparent, “scientific proof” backing them up. This is a recipe for a police state.  
 
What does it mean for Amanda Knox and Raffaele Sollecito? The DNA profile from the 
knife blade in Raffaele’s kitchen drawer that supposedly matches that of Meredith 
Kercher was performed by an inferior version of LCN DNA testing. It can never be 
reproduced. The “any crime, anywhere, any time” danger expressed in the previous 
paragraph is not hypothetical, it is actually happening to Amanda and Raffaele. This form 
of evidence amounts to, simply, “The defendant is guilty because we say so.” Yet it is 
even worse. It is an un-testable assertion backed up by a bunch of impressive charts and 
statistics and the magic words, “science” and “DNA.” It has all of the appearance of 
scientific certainty with none of the substance. It is not scientific, and it is anything but 
certain. 
 
Keep in mind that there is nothing especially “Italian” about this frightening new 
investigative technique. Most of the early work was done in Britain, and it is being 
studied in forensic labs around the world. Be patient, LCN DNA matching is coming 
soon to a forensic laboratory near you. How can we be sure that the technique won’t be 
grossly misused, leading to the convictions of many innocent people, not just these two? 
We can’t.  
 
While this article gives some background on DNA, a more thorough overall primer is 
available at: http://www.scientific.org/tutorials/articles/riley/riley.html 
 
“Because LCN analysis by its nature is not reproducible, it cannot be considered as 
robust as that associated with conventional DNA typing.” 



From: http://www.denverda.org/DNA_Documents/CMJ%20Budowle.pdf 
 
“The ability of small amounts of DNA to produce false and misleading results is well-
known and well-documented within the research community, where the technology 
originated.” 
From: http://www.scientific.org/tutorials/articles/riley/riley.html  
   
Part II, “Watch Where You Sneeze, The DNA Police Are Coming” will discuss the most 
important LCN DNA issue, contamination. 
 
 
Mark C. Waterbury is the author of the articles in this site discussing technology aspects 
of the Amanda Knox, Raffaele Sollecito trial in Perugia, Italy.  
 
As a materials scientist with an additional B.S. degree in chemistry and 20 years of 
experience, he has worked as a Research Scientist for the U.S. Air Force, as a Senior 
Engineer for a major engineering firm, and as Chief Technology Officer for two 
companies. He has developed a number of peer-reviewed scientific measurement 
techniques, have half a dozen patents, and has wrestled with issues such as contamination 
and data on the edge of detection for many years.  He has worked with NASA, MIT, and 
various national laboratories on a variety of projects and also performed technology 
reviews for some of the largest companies in the world, sorting through the claims of 
scientists and engineers to separate the wheat from the chaff.  
 
“In all of that work, I have never encountered such deeply, fundamentally flawed 
methodology as that performed by the Scientifica Polizia in this case. That is why I have 
written these articles in an effort to shine a spotlight on this scientific misconduct. It is 
my hope that they will help people understand the truth of these issues, helping to achieve 
justice in this case and freedom for Amanda Knox and Raffaele Sollecito”. 
 
Mark C. Waterbury, Ph.D. 
 August 28, 2009 
 


