UvA-DARE (Digital Academic Repository)

Rapid DNA technologies at the crime scene
‘CSI’ fiction matching reality
Mapes, A.A.
Publication date
2017
Document Version
Other version
License
Other
Link to publication
Citation for published version (APA):
Mapes, A. A. (2017). Rapid DNA technologies at the crime scene: ‘CSI’ fiction matching
reality. [Thesis, externally prepared, Universiteitsbibliotheek].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).
Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)
Download date:09 Jan 2023

Chapter 3
DNA by the Numbers1
Locations of usable DNA based on 24,466 crime scene
samples
Abstract
Nowadays increasing numbers of evidentiary traces are collected at crime scenes and submitted
for DNA analysis at the forensic laboratories. However, almost 50% of the analysed DNA
samples do not result in valuable DNA typing information (1) and a few studies show that
the possibility to actually obtain usable DNA profiles can depend on the trace type (2, 3).
Evaluating the DNA results obtained for various sampled traces can provide us information on
which traces are most promising to select for DNA analysis. Such information can guide crime
scene investigators in decision-making.

The chapter was published as Mapes A. DNA by the Numbers - Locations of usable DNA based on 24,466 crime scene
samples. Forensic Magazine, 2015;12(5):8-9. This article is single authored. The study was mainly performed by S. Verheij
and T. Sijen. I would like to thank them for their valuable suggestions and recommendations and giving me the opportunity
to do research on DNA success rates, which is a key subject in my dissertation. Thanks to this opportunity I came to a first
model to potentially assist scene of crime officers in their trace prioritisation and selection process. This led the way for
ensuing studies.
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3.1 The Study
Six European forensic laboratories1 from the EUROFRGEN network, gathered DNA
yields from over 24,466 crime-related samples that were categorised based on biological
source or sampled item. The category ‘sample type’ includes various biological sources
such as bodily fluids and tissues and the category ‘sampled item’ includes several items
sampled for either saliva or contact traces.
DNA yield was used to predict the DNA profiling result. Four categories were chosen
based on in-house experience: 1) full profile, 2) usable partial or full profile, 3) partial
profile possibly useful, and 4) no informative profile. Details on this categorisation can
be found in Table 1. These four categories inform us which are the most promising
samples to select for DNA analysis.
Table 1. DNA Yield used to Predict DNA Profiling Result Based on In-house Experience
Expectation (standard profiling)
No informative profile
Partial profile possibly useful
Partial or full usable profile
Full profile

Yield
0 - 0.025 ng
0.025 - 0.625 ng
0.625 - 5 ng
5 ng

Input PCR if 1/10 of yield
max 2.5 pg
max 62 pg
max 500 pg
more than 500 pg

Multiple donors may be present

3.2 Observations and Conclusions
A total of 44 categories were made for the overall categories ‘sample type’ and ‘sampled
item’ (Figure 1). The number of samples in each category varies from 18 to 7104 (see
‘n samples’ in Figure 1) and the results represent trends. In Figure 1 for each sample
category, the percentages of samples with an expected type of profile are shown: dark
and middle green bars indicate full and usable profiles; a light bar represents possibly
useful profiles and a brown bar marks the category no profile. Within the overall
categories, the sample categories are ranked from lowest to highest percentage no profile
expected.
When comparing sample types, we see for instance that for blood samples in 93% of the
cases a full pro- file and in 4% no profiles may be obtained. For faeces samples, on the
other hand, the percentage no profile is much higher namely 24%. This variation is also
observed when comparing various sampled items likely to carry saliva or contact traces:
the percentage in the ‘no profile’ category is 2% for balaclavas and 29% for bottle lids
and 0% for coat collars and 44% for plastic bags.

1

Six EUROFORGEN partners contributed to this study: Department of Forensic Medicine Copenhagen (UCPH,
237 samples, 2013) Netherlands Forensic Institute (NFI, 14,974 samples, 2012/2014), Institute of Legal Medicine
Cologne (UHC, 228 samples, 2013/2014), Institute of Forensic Research JU Krakow (JU, 890 samples, 2013),
Institute of Legal Medicine Innsbruck (IMU, 8047 samples, Dec 2012 – Nov 2013), Forensic Science Institute
USC Santiago de Compostela (USC, 36 samples, 2013).
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Contact

Sampled item

Saliva

Sample type

Percentages of samples with an expected type of profile



119
7104
387
50
320
76
29
135
38
44
378
5275
216
119
107
60
149
102
24
238
64
18
37
99
110
519
176
320
1426
67
48
588
72
77
100
950
85
417
86
1311
977
67
281
1549

Skin flakes
Semen
Muscles
Blood
Teeth
Saliva various
Bones
Feaces
Hair
Balaclava
Cigarette end
Chewing gum
Toothbrush (head)
Mobile phone
Drinking/eating item
Facial protecion
Lid of bottle
Coat (collar)
Upper body clothing
Headwear
Clothing other eg (under)pants, socks
Gloves (all sorts)
Gloves (textile)
Bag (textile)
Car door/steering wheel
Tools
Handle (bike/scooter)
Rough surfaces contact traces
Personal Item
Steering wheel car
Manual strangulation
Knife (handle)
Plugs and cables
Firearms
Tiewrap
Door bell
Gloves (non-textile)
Smooth surfaces contact traces
Tape
Car door handle
Grip traces various
Touch traces various
Bullets
Bag (plastic)
0%
full profile

10%

20%

30%

usable partial or full profile

40%

50%

60%

70%

partial profile possibly useful

80%

90%

100%

no profile

Figure 1. Percentages of Profiles in Four Categories that are Expected to Arise based on DNA Yield for 44 Types
of Evidentiary Traces.

The proximity, intensity and duration of contact seem to contribute to profiling success
as saliva items balaclava, cigarette end, chewing gum and toothbrush and contact items
such as collars and headwear give high percentages of full profiles.
When regarding all categories, the five most promising samples to select are muscles,
blood, coat collars, cigarette ends and balaclavas. On the other end of the spectrum, the
five least promising samples are hairs, plastic bags, bullets, touch traces various and
grip traces various. Importantly, for all categories full and useable profiles are obtained.
For the sampled item bag plastic for instance 44% of the samples categorise into ‘no
profile’ while 43% may result in a full profile.
The category ‘partial profile possibly useful’ presents uncertainty as at least a partial
profile is expected but it is difficult to predict whether DNA results will be usable for
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comparison studies. Aspects such as the number of contributors to a profile and mixture
ratios will have a role here. Notwithstanding, this collaborative study gives insight in
the DNA results of the several traces and may assist crime scene investigators in their
decision-making in which many other aspects such as the context of an item in to crime
are relevant too.

3.3 How to use the Figure as CSI?
Figure 1 may assist crime scene investigators in selecting evidentiary traces for DNA
analysis for which they currently use their experience. This is particularly useful when
multiple traces are at hand. Clearly, selecting evidentiary traces is case-dependent and
largely affected by how crime and offender related the evidentiary traces are. This leads
to a four-step decision process for the selection of evidentiary traces for DNA analysis:
1)
2)
3)
4)

Collect evidentiary traces at the crime scene,
Rank crime scene traces based on crime and/or offender relatedness,
Use figure 1 to rank the highest crime and/or offender related traces, and
Select the most promising traces for DNA analysis.

For instance, at a violent burglary where the victim is injured and the perpetrator has
fled the scene, a bloodstain, balaclava, and screwdriver are found. Since it is highly
likely that the blood trace originates from the victim, the balaclava and screwdriver have
the highest potential to provide an investigative lead towards the offender. From Figure
1 it derives that the balaclava holds more potential for successful DNA analysis than the
screwdriver (compare balaclava and tool categories in Figure 1) and it seems most
opportune to select the balaclava for DNA analysis in this criminal process.
Therefore, for future decisions on selecting crime scene traces for DNA analysis, it is
recommended that crime scene investigators use figure 1 and the four-step decision
process in their trace selection process.
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