
Advancing forensic RNA profiling
Berge, M.W. van den

Citation
Berge, M. W. van den. (2018, June 28). Advancing forensic RNA profiling. Retrieved from
https://hdl.handle.net/1887/62865
 
Version: Not Applicable (or Unknown)

License: Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/62865
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/62865


 
Cover Page 

 
 

 
 
 

 
 
 

The handle http://hdl.handle.net/1887/62865 holds various files of this Leiden University 

dissertation 
 
Author: Berge, Margreet van den  
Title: Advancing forensic RNA orofiling 
Date:  2018-06-28 

https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/62865


Chapter 5
DNA transfer and cell type inference to assist 

activity level reporting: Post-activity background 
samples as a control in dragging scenario

Margreet van den Berge
Linda van de Merwe

Titia Sijen

Forensic Science International: Genetics Supplement Series 6 (2017) e591-e592





Background samples as a control in an activity-related scenario

97

C
hapter 5

Abstract
In an earlier study we examined the composition of human cell material prevailing 

on trousers in an activity-related scenario (controlled dragging-by-ankles experiment) 
van den Berge et al. (2016). This included DNA and RNA profiling of samples taken 
from the location of interest prior to the activity, and DNA profiling of similar samples 
after the activity. Here, we present results of a third sample set that was simultaneously 
collected post-dragging, which involves an area of the trousers that was not touched by 
the dragger. Results of this study increase our understanding regarding the importance 
of including control region samples when investigating activity-related scenarios.
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Introduction
The prevalence, transfer, persistence and recovery of human cell material has 

increasingly gained attention, for instance because of the importance in addressing 
activity-level questions [2]. In a previous study we described the analysis of samples 
taken from the exterior surface of the ankle area of the trousers prior (background/
control samples) and post (activity samples) a controlled dragging-by-ankle experiment 
[1]. Results showed that samples taken prior to an activity resulted in STR profiles 
where a major contributor could be deduced that corresponded to the owner of 
the trousers, despite the occurrence of often many non-donor alleles. The majority of 
samples collected after the dragging scenario resulted in at least partial DNA profiles 
where both the victim and perpetrator could be retrieved with the perpetrator 
representing a deducible major in approximately a quarter of the samples. Unlike this 
study [1], forensic casework scenarios do not allow for the analysis of pre-activity 
background samples from the exact same location as post-activity samples. We now 
describe the analysis of post-activity samples taken in the proximity of the grabbed 
area, that was however not touched by the dragger. Analysis of these samples provide 
insight in the suitability of including background control regions. 

Materials and methods
Samples were collected by tape lifting 26 knee areas of trousers after performing 

dragging experiments as described in Ref. [1]. The tape lifts were processed in its 
entire and DNA was extracted using the QIAamp DNA Mini Blood kit (QIAGEN) 
according to manufacturer’s instructions. DNA quantification and ethanol precipitation 
was performed as described in Ref. [1]. DNA profiles were generated using the 
AmpFℓSTR® NGM™ PCR Amplification Kit (Life Technologies). Amplification, 
separation and interpretation was performed as described in Ref. [1].

Donors with known genotypes (and informed consent) were used, so that the 
percentage of total rfus in the STR profile for each donor or for unknown contributors 
could be determined. Shared alleles were considered as a separate class. Profile 
interpretation was performed using the 15 STR loci in the NGM kit (Amelogenin was 
not included). Maximum allele count was used to determine the minimum number 
of contributors in a profile. Alike in Ref. [1], the LoCIM-tool was used to deduce 
the alleles of the most prominent component in the STR profile and to determine 
whether the “victim” or the “grabber” represents the major contributor in the DNA 
profile. STR profiles with ≤7 alleles were not subjected to further analysis. 
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Results and discussion
Three of the 26 samples were not subjected to further analysis, as these samples 

showed ≤7 alleles. An overview of DNA profiling results of the remaining 23 knee-
area-of-trouser samples is shown in Figure 1A. Shown in Figure 1B and C are the 
results that had previously been obtained for the same trouser leg pre-, and post-
dragging, respectively [1]. Alike for the ankle pre-dragging samples (Figure 1B), the 
majority of post-activity knee samples (Figure 1A) tend to show lower DNA yields 
compared to the ankle samples taken after the dragging activity (Figure 1C). Alleles 
corresponding to the victim (owner) were detected in the 100% of the knee samples 
(Figure 1A). Non-owner alleles are observed in 71% of the knee samples, but generally 
the owner (victim) alleles are substantially higher than non-owner alleles (peak height 
ratio victim/background). Hence, for 70% of the samples a major contributor could 
be deduced that corresponded to the owner of the trousers, while for the remaining 
samples no major contributor was deduced. Difficulty in deducing a major for these 
samples is most likely caused by the presence of some relatively high background 
alleles, preventing the possibility to deduce a major contributor in the STR profile. The 
estimated minimum number of contributors for the knee samples ranged up to two, 
which occurred in 61% of the samples. Grabber alleles are detected in 57% of the 
samples, with a maximum percentage of detected grabber alleles of 23% (Figure 1A, 
sample 7). An increase in detected grabber alleles can be observed especially in samples 
that show low numbers of owner alleles and high numbers of background alleles. These 
grabber alleles cannot be distinguished from background alleles, as can be seen by the 
low grabber/background peak height ratios. These results present a similar view as the 
results presented in Figure 1B and are in contrast to the post-activity samples (Figure 
1C) in which the grabber stands out more clearly from the background alleles with an 
increased peak height ratio between grabber to background alleles. 

Concluding remarks
With the increased interest in activity-related scenarios, the use of appropriate 

control regions for STR-profiling of this type of samples is highly relevant. We showed 
that in post-activity samples, a mixture of the owner of a private object and a perpetrator 
can be distinguished from background signals. In both pre- and post-activity control 
region samples, on the contrary, alleles matching a perpetrator may appear that are 
indistinguishable from background signals. 

 



Chapter 5

100

C
ha

pt
er

 5

Fi
gu

re
 1

. D
et

ai
le

d 
in

fo
rm

at
io

n 
fo

r 
A

) 
sa

m
pl

es
 fr

om
 t

he
 k

ne
e 

ar
ea

 o
f t

he
 t

ro
us

er
s 

th
at

 w
er

e 
co

lle
ct

ed
 a

ft
er

 a
 d

ra
gg

in
g 

ac
tiv

ity
 (

th
is

 a
re

a 
w

as
 n

ot
 t

ou
ch

ed
 b

y 
th

e 

gr
ab

be
r 

du
ri

ng
 t

he
 a

ct
iv

ity
 a

nd
 a

re
 t

he
re

fo
re

 r
eg

ar
de

d 
as

 b
ac

kg
ro

un
d/

co
nt

ro
l s

am
pl

es
); 

B)
 c

or
re

sp
on

di
ng

 b
ac

kg
ro

un
d 

sa
m

pl
es

 t
ak

en
 f

ro
m

 t
he

 t
ro

us
er

 le
g 

an
kl

e 

(d
ra

gg
in

g 
lo

ca
tio

n)
 p

ri
or

 to
 p

er
fo

rm
in

g 
th

e 
dr

ag
gi

ng
 s

ce
na

ri
o;

 C
) c

or
re

sp
on

di
ng

 s
am

pl
es

 fr
om

 th
e 

tr
ou

se
r 

le
g 

an
kl

es
 c

ol
le

ct
ed

 a
ft

er
 a

 d
ra

gg
in

g 
ac

tiv
ity

. I
nd

ic
at

ed
 p

er
 

sa
m

pl
e 

ar
e 

th
e 

pe
rc

en
ta

ge
s 

of
 t

ot
al

 r
fu

s 
in

 t
he

 S
T

R
 p

ro
fil

e 
be

lo
ng

in
g 

to
 t

he
 g

ra
bb

er
 (

re
d 

ba
rs

), 
vi

ct
im

 (
bl

ue
 b

ar
s)

, s
ha

re
d 

al
le

le
s 

(d
ar

k 
gr

ey
 b

ar
s)

 a
nd

 b
ac

kg
ro

un
d 

(li
gh

t 
gr

ey
 b

ar
s)

. M
ar

ki
ng

s 
in

 t
he

 D
N

A
 y

ie
ld

 s
ec

tio
n 

in
di

ca
te

 s
am

pl
es

 fo
r 

w
hi

ch
 t

he
 g

ra
bb

er
 (

re
d)

 o
r 

vi
ct

im
 (

bl
ue

) 
w

as
 d

ed
uc

ed
 a

s 
m

aj
or

 c
on

tr
ib

ut
or

 in
 t

he
 S

T
R

 

pr
ofi

le
. A

bs
en

ce
 o

f c
ol

ou
r 

in
di

ca
te

s 
sa

m
pl

es
 fo

r 
w

hi
ch

 t
he

 d
ed

uc
ed

 m
aj

or
 d

oe
s 

no
t 

m
at

ch
 t

he
 g

ra
bb

er
 o

r 
vi

ct
im

.



Background samples as a control in an activity-related scenario

101

C
hapter 5

Acknowledgements
Sanne Zijlstra is thanked for technical assistance, Jerry Hoogenboom is thanked for 

critically reading the manuscript. 

References
1.	 	 M. van den Berge, G. Ozcanhan, S. Zijlstra, A. Lindenbergh, T. Sijen, Prevalence of human cell material: 

DNA and RNA profiling of public and private objects and after activity scenarios. Forensic Sci. Int.: 
Genet. 21 (2016) 81-89.

2.	 	 T. Sijen, Molecular approaches for forensic cell type identification: on mRNA, miRNA, DNA 
methylation and microbial markers, Forensic Sci. Int. Genet. 18 (2015): 21-32.



Chapter 5

102

C
ha

pt
er

 5


