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0. Preamble

The results I wish to explain here have been obtained in collaboration with three 
foreign scientists: professors Robert Cowell (London City University), Steffen 
Lauritzen (Oxford), and Julia Mortera (Rome III), and for this reason I write in 
English. My collaborators are possibly the leading world experts on the analysis of 
forensic DNA profiles using statistical methods, which enable one to quantify the 
evidence in a DNA profile including the evidence coming from relative peak 
heights and from small peaks, to weigh the balance of mutually conflicting evi-
dence, and to incorporate in the analysis the likelihood of stutter, drop-out, mosai-
cism. 

We have benefitted from discussions on the genetics issues with Ate Kloosterman, 
Marjan Sjerps, and Peter de Knijff.

The content and conclusions of this report are entirely my own responsibility.

1. Summary

We have applied probabilistic/statistical modelling and computation to the analysis 
of the main autosomal DNA traces (finger-nail scrapings) found at the crime-scene.  



It has only very recently become feasible to use so-called Bayes nets (or graphical 
models) to statistically analyse two- or three-person forensic DNA mixture profiles, 
and to combine information from several traces in a single analysis. 

Our conclusion is that the autosomal DNA profiles from the finger-nail scraping 
from the victim almost certainly contains the autosomal DNA of the suspect. 

The profiles point more or less equally strongly to the presence of a third unknown 
donor in the mixture, or to mosaicism in the victim. Mosaicism, which can result in 
an “extra” allele at some locus, is rare, but it does occur enough often that it seems 
to provide a rather plausible explanation for the observed profiles. 

We do not find it possible to combine this evidence quantitatively with the Y-
chromosome and mitochondrial DNA evidence, however, these traces certainly 
support again the presence of the suspect’s DNA. 

In view of the difficulty already of combining the evidence from different kinds of 
DNA, it did not make sense to attempt also a statistical analysis of the shoe-print 
data.

2. Introduction

A standard non-statistical analysis of DNA profiles proceeds according to steps 
which have been formalized so as to avoid subjectivity and bias. A machine per-
forms a bio-chemical procedure, and the machine analyses the result. According to 
standards which have been built-in to the machine, the profile is annotated, 
whereby the presumed signal is separated from the presumed noise using a built-in 
hard threshhold. Everything above the threshhold is an allele, definitely present, 
everything below the threshhold is ignored. This results in a list of alleles “defi-
nitely” found at each measured locus. There are some minor modifications of the 
annotation to the machine output done by a trained operator “by hand” but still ac-
cording to a standard protocol. Next the forensic DNA expert looks at the various 
traces, seeing and using in an informal way the (relative) peak heights and areas of 
the “definitely present” alleles, and then draws conclusions, comparing the list of 



alleles present in the trace to the alleles known in the DNA of victim and suspect. 
These concluions are necessarily rather conservative or weak, since almost all 
quantitative information has been discarded, and that information might actually be 
rather important. At the same time, the conclusion is drawn, conditional on certain 
assumptions. Without investigating whether or not those assumptions are reason-
able, the conclusion might be deeply misleading as well as weak.

Using these standard procedures, the analyst might conclude, as it seems happened 
in the present case, “if this is a two-person trace, then one may rule out the suspect 
from being the second contributor alongside the victim. If it is a three-person trace, 
the suspect cannot be excluded”. 

The conclusion assuming a two-person trace, that the suspect may be ruled out as 
contributor, is made under the proviso that there is is no drop-out, drop-in, unusu-
ally large stutter, or mosaicism. Both conclusions are made after discarding what 
might well be a large amount of the evidence actually contained in the DNA pro-
file. As we will see, taking account of all the information in the profile, as far as we 
are able, leads to strikingly different conclusions.
 
With high quality non-mixed profiles the provisos needed to ensure that the stan-
dard analysis is not misleading, are fairly safe. Moreover, when in doubt, and sam-
ples are large and of good quality, repeated analyses can be done to give further 
confidence that the analysis has not been spoilt by the presence of “artefacts”. 
However, with relatively poor quality profiles, and with mixture profiles when 
some of the donors’ contributions are relatively small and hence close to the intrin-
sic noise level, taking account of possible artefacts can make a huge difference. 

Moreover, exactly in this situation, a huge amount of information can be extracted 
from quantitative features of the DNA profile which are deliberately ignored in the 
standard analysis. The actual numerical values of the relative peak heights is in-
cluded in the analysis, and used in combination across all the loci to give informa-
tion about the relative size of different donors’ contributions. The information in 
small peaks is not discarded.  In the conventional procedure we are forced to ig-
nore this information since we want to make a qualitative analysis by a trained op-
erator reproducable and unbiased. In a statistical analysis of the whole profile we 



incorporate this information in an objective way using known statistical properties 
of DNA profiles. We do one computation for the whole signal, or set of signals, and 
the statistician does not make any decisions “by hand” about keeping or ignoring 
parts of the data.

Most important of all, by taking account in a realistic way of the relative likelihood 
of the various artefacts or noise features, one may combine positive and negative 
evidence in an unbiased way. In advance it is not clear at all whether the positive 
evidence will overwhelm the negative, or the other way round, or whether the re-
sult will be inconclusive.

In our analyses, according to the methodology recently developed by Cowell and 
his co-authors Lauritsen and Mortera, we analyse the actual measured peak areas 
corresponding to all alleles at all loci, whether above or below the threshhold. The 
statistical model is built up in steps. A rough description is as follows.

When contributors to a DNA mixture are unknown we take the usual population 
allele frequencies to model the probability distribution over all possible profiles of 
the profile of a randomly selected unknown person. For victim and suspect the 
DNA profile is known. For any given DNA profiles of a number of contributors to 
the sample, and given the proportions of material from the different donors, we 
know how much of each allele at each locus is initially present, relatively to one 
another, before PCR. During PCR this proportion is amplified by a procedure 
which results in variable relative total amounts of measured DNA per locus, in-
cluding, because of stutter, side peaks of variable size too. Altogether, we can 
compute for a given configuration of donors, and given proportions of those do-
nors, the chance of any particular observed profile. The task ahead is to compare 
the probabilities of the observed profiles under the various scenarios of interest. 
This is done using the methodology of “graphical models” which allows extremely 
accurate and reliable computations even for rather complex models, based on algo-
rithms from computer science and graph theory which have been specially devel-
oped for this situation, and now widely used in genetics, statistics, computer-aided 
diagnosis, expert systems, and elsewhere.



3. Scorpioen case, autosomal DNA profiles (finger-nail scrapings)

The following discussion concerns samples AHH352, AHH352, AHH352. 

In the case at hand we have conflicting information coming from different loci in 
the DNA profiles. Overall there is a good match with the DNA of victim and sus-
pect. However, at just one locus D18, there is an allele (16) which does not fit this 
picture.  However, there are at least two hypotheses which can explain this. 

Scenario 1: three-person mixture

We already know that the autosomal DNA traces do not rule out the presence of 
suspect, if we are seeing a three-person mixture with a large component from the 
victim.  In this scenario of a three-person mixture, the relevant question is whether 
the trace is a mixture of DNA of victim and of suspect and of a third unknown per-
son, or whether it is a mixture of DNA of victim and of two unknown persons. 

Our conclusion is that if the traces are of a three-person mixture, then the hypothe-
sis “victim+suspect+unknown” gives them a very much larger likelihood than the 
hypothesis “victim+unknown1+unknown2”. 

Scenario 2: mosaicism

The other reasonable hypothesis seems to be mosaicism or somatic mutation. This 
is the phenomenon that one person exhibits different genotypes in different cells of 
the body, due to mutation having taken place perhaps at the embyonic stage. Now, 
the markers used in conventional forensic DNA analysis have been specifically 
chosen because they exhibit large variation across individual people; and that is the 
case because the natural rate of mutation of these alleles is relatively high (copying 
mistakes are relatively easy) and because the result of mutation does not harm or 



benefit the organism. Mosaisicm is certainly unusual but it is well known to exist 
and in particular, it seems to be most commonly observed at the very locus, D18, in 
question. Peter Gill (no relation) in his 2002 paper, Role of Short Tandem Repeat 
DNA in Forensic Casework in the UK, Biotechniques Vol 32, 366-385, reports an 
incidence of 1 in 5000. 

Since the value 16 of the allele in question differs exactly by 1 extra repeat from an 
allele of the victim, the hypothesis of mosaicism (in this case, in the victim) is a 
viable explanation.

Still, if we “use” mosaicism we are making the probability of our observed profile 
about 5000 times smaller than what it would be otherwise. It is not obvious how 
the balance of the evidence will work out if we assume a two person mixture, take 
allowance for possible mosaicism, and compare the likelihood of the observed 
DNA traces under the hypothesis of a “victim+suspect” and “victim+unknown”.

Our conclusion is that if the traces are of a two-person mixture, and we allow for 
the possibility of mosaicism, then the hypothesis “victim+suspect” gives them a 
very much larger likelihood than the hypothesis “victim+unknown”.

Together this means that whether a three- or a two-person mixture, there is very 
strong evidence for the presence of the suspect’s DNA in the finger-nail scrapings.

What I mean by “very strong evidence”, quantitatively, is likelihood ratios between 
10 thousand and a million to 1. The terminology has been proposed in the 2009 
publication “Standards for the formulation of evaluative forensic science expert 
opinion”, Science and Justice Vol. 49, 161-164, by the (British) Association of Fo-
rensic Science Providers. For a three person mixture: the combined measurement 
results are about a hundred thousand more times likely to be observed, if the DNA 
was contributed by victim, suspect, and an unknown (unrelated) third individual, 
than if it was contributed by victim and two unknown unrelated persons. For a two 
person mixture we have the same conclusion. 



We have analysed the data in a number of different ways, both by simple “addi-
tion” of the traces from repeat measurements, and by analysing different traces 
separately. Parameters in the model have been varied and adjusted. Naturally, the 
numerical values of the likelihood ratios vary with the parameters and data sets, 
but the qualitative conclusion “very strong evidence”, for both scenarios, is abso-
lutely stable across all variations we have explored.

4. Scorpioen case, finger-nail scrapings, Y-chromosome

We have a match, however the profile concerned is a not uncommon one in the 
Netherlands. We expect that the perpetrator of the crime is an aquaintance of the 
victim. It is quite likely that if the perpetrator is a different person from the suspect, 
he is also, like the suspect, a local person. The actual distribution of Y-chromosome 
profiles varies from region to region, since historically, men tend to stay in the 
place they were born while women are married to people in other towns and vil-
lages. Possibly the Y-chromosome profile concerned is more or less common in 
Alphen aan den Rijn than elsewhere, but we know nothing about this. 

For roughly the same reasons from genetics that match-probabilities at different 
loci may be multiplied to obtain match-probabilities for complete profiles one 
could argue that a Y-chromosome profile match probability can be multiplied with 
the probability of the autosomal profile match probability to obtain a joint prob-
ability of both matches. However research and data on this question is very scarce. 
There does not seem much point in trying to combine rather soft numbers and soft 
assumptions from the Y-chromosome data with the harder and much more impor-
tant results obtained for the autosomal DNA.

5. Scorpioen case, mitochondrial DNA

Mitochondrial DNA presents similar challenges as Y-chromosome DNA. In the 
largest data-bases, there are very many “unique” profiles, most of them differing at 
only a few loci from much more common profiles. The natural mutation rate at 
these loci is rather large. Mitochondrial DNA is inherited from the maternal line 



and the distribution of profiles in a particular region tell one almost nothing about 
where that region is, for the reason mentioned above. It is quite possible that prob-
abilities of matches can again be multiplied but on the other hand the question of 
whether this would be legitimate has simply not been investigated. A further im-
portant issue is that the hairs from which the mitochondrial DNA profiles have 
been obtained are not necessarily from the same person as the material found in the 
nail-clippings. And of course we do not know that either trace is certainly crime-
related. For both sources one has to consider the possibility that the material is not 
related to the crime, leading to a proliferation of possible scenarios. In the present 
case, there is a match with the DNA of the suspect, and the profile in question is a 
profile which so far was not known in the existing data-bases. However it is only 
four “steps” away from the presently most frequently observed profile, and one 
step away from several previously observed profiles. We are very very far from be-
ing able to give a sound quantitative analysis of such data. 

6. Technical information

The analyses were made using software presently being developed by Robert 
Cowell and already much used by himself and his scientific collaborators in foren-
sic DNA consultation and in statistical research, including a large series of peer-
reviewed research papers including forensic DNA examples which have previously 
been analysed by other persons with other methods. However, Cowell’s programs 
are still in the development stage and therefore it is not a routine matter for an in-
terested scientist to reproduce our findings in their own laboratory. 

The methodology is on the other hand very well known and much studied in recent 
years. I refer to the following papers for detailed description and justification of the 
theory which is implemented in the software.

R. G. Cowell (2009), Validation of an STR peak area model, Forensic Science In-
ternational: Genetics, Vol 3(4), pp.193 - 199



R. G. Cowell, S L. Lauritzen, and J. Mortera, (2008), Probabilistic modelling for 
DNA mixture analysis, Forensic Science International: Genetics Supplement Se-
ries, Vol 1(1), pp.640-642

R. G. Cowell, S L. Lauritzen, and J. Mortera, (2007), Identification and Separation 
of DNA Mixtures using Peak Area Information. Forensic Science International, 
Vol 166, pp. 28-34

R. G. Cowell, S. L. Lauritzen, and J. Mortera, (2007), A gamma model for DNA 
mixture analyses. Bayesian Analysis Vol 2, pp. 333--348.

R. G. Cowell, A. P. Dawid, S. L. Lauritzen and D. J. Spiegelhalter. Probabilistic 
Networks and Expert Systems. Springer-Verlag, Berlin-Heidelberg-New York, 
1999. (321 pages.) 

A number of numerical parameters have to be specified: the probability distribution 
of different sizes of stutter peaks, a parameter describing the variability of peak 
sizes for a given initial quantity of DNA, dropout probability, mosaicism probabil-
ity. They are specified in accordance with the scientific literature and data on these 
phenomena. In particular, for mosaicism, we used the probability of 1 in 5000 
given by P. Gill (2002), Role of Short Tandem Repeat DNA in Forensic Casework 
in the UK—Past, Present, and Future Perspectives, Biotechniques  Vol 32(2), 366-
385. 

I am of course prepared at any time to provide any requested further technical de-
tails of our computations and findings.

Richard Gill, Leiden, 21 September 2010.


