Deconvolution of blood-blood mixtures
using DEPArray™ separated
single cell STR profiling

K. Anslinger, B. Bayer
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The DEPArray™ Technology

Menarini, Silicon Biosystems, Bologna, Italien

—> enables a software based
- identification,
- independent movement and
- separation
of single, immunologically
fluorescent labelled cells

Quelle: www.siliconbiosystems.com/deparray-system
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DEPArray™ Forensic Sample Prep Kit

Menarini, Silicon Biosystems, Bologna, Italien

White blood cell Sperm cell Epithelial cell

CD45 / PE Sperm head spec.
AB / APC CK / FITC

S, C

+ nucleoli / DAPI
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intracellular / surface Bright field channel:
antibodies cell size, symmetry, shape
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Abstract

After allogeneic bone marrow or blood stem cell transplantation, STR profiling is often used for
monitoring chimerisms. For the evaluation reference samples taken from the patient before the
transplantation and/or taken from the donor are needed. In the case described here, no reference
samples were available. Reporting the chimerism based on posttransplantation samples did not yield
conclusive results; therefore, white blood cells and epithelial cells obtained from a buccal swab taken
from the patient were separated using DEIZ‘;f!arra},fT'“’I technology and STR profiling was carried out
resulting in distinct reference profiles.
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Whose blood is it? Application of DEPArray ™ technology for the identification of individual/s who
contributed blood to a mixed stain.

Anslinger K', Bayer B2.

# Author information

Abstract

The interpretation and statistical evaluation of mixed DNA profiles often presents a particular challenge in forensic DMNA investigations.
Only in specific combinations can single cellular components of a mlxlure be assigned to one contributor. In this study, the DEPAray™
IEﬂhnDng‘y’ which enables mage—asmsted |mmunoﬂu S g dielectrophoretic (DEP) forces, was
iven mixture. The technique was
successfullyr applied in two rguilse=-pesewy - : ] & and still be processed successiully,
Jins were investigated. Depending on the stain's age, the associated DNA
degradation level and the n : . Luccessfully isolated, the final profile reflects a compromise between the gain of
information due to isolation of pure cells of a specific cell type from a single contributor and the loss of discriminatory power due to
incomplete profiles caused by DNA degradation.

KEYWORDS: Cell separation; Cold case; DEPArray™ technology; Mixed DMNA profiles; White blood cells

PMID: 30121738 DO 10.1007/=00414-018-1912-7
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But what if a mixture
contains blood from
more than
one person ?

Can we use the
DEPArray™ Technology
for the deconvolution
of blood-/blood mixtures ?
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So far: New:
separation of cell pools separation of single cells
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STR-Profiling

of cell pool Single Cell
> 5 cells STR-Profiling
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Single Cell STR-Profiling

- not very common in forensic DNA investigations

- more commonly used:
collection of individual skin flakes or "bio-particles”
( = more than one single cell)

==) very small amount of DNA

- special extraction and amplification methods are needed
- appearance of profiles are influenced

- special interpretation guidelines must be used
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Methods:

DNA extraction:
DEPArray™ Lyse Prep Kit (Menarini, Silicon Biosystems)

— volume reduction to 1

— .Single-tube” lysis kit
+ 2l LyseMix (enzyme/DTT)
80° C

65" C 15 min

) 42° C | 30 min
Incubation: . 4° C
45 min )
............ Ce”(s) In buﬁer

PCR: PP ESXfast and Y23, Promega
32 cycle programs ("In-house” validations)
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Study Design

Validation
Investigation of two fresh (unmixed) blood samples

= quality and number of obtained profiles?
—> appearance of profiles?

— interpretation guidelines?

Blood-/blood mixtures of 2 or 3 contributors

— mock sample (fresh blood samples from 3 contributors)
—> case work sample: stain on a knife (2 contributors stain 2)

—> GENAP 55 (2 contributors)
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Validation

- 5yl blood from two different donors (A and B)
were added to the staining procedure

- collection of 59 single WBCs

- further processing immediately after staining
— 43 WBCs (autosomal and Y-chrom. STRs)

- further processing after one week storage by 7° C
= 16 WBCs (autosomal STRs)



Results Validation I:
WBCs processed immediately after staining

Results: 27 WBCs profiled with autosomal STRs
- 26 partial and 1 full profile
- worst profile still showed >50% of the
expected alleles

- average profile completeness:
82% (donor A) and 86% (donor B)

16 WBCs profiled with Y-chrom. STRs
- 16 partial profiles
- average profile completeness: 86%
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Results Validation IT:
WBCs stored by 7° C for one week

Results: 16 WBCs profiled with autosomal STRs

- 16 partial profiles
- average profile completeness:
83% (donor B)

To sum up: Approach leads to meaningful results
Storage does not have a significant influence
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Staining and separation procedure
may not have
a great influence

of the DNA quality!

025441 D125391
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Minus one repeat stutter

« For routine case work, marker specific stutter values are used
* Not useful for single cell STR-profiling
==) depending on the marker >60% n-1 stutter would be labeled

|

* Maximum and average n-1 stutter values were determined

* New (intra-laboratory) thresholds for single cell profiles were
worked out, so that the majority of peaks could be recognized as
stutter

« However, extreme values are not covered ..
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Drop in or increased n-1 stutter?
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Dealing with artefact

decreased artifacts
Decreased PCR-cycle number but also to

increased number of allelic drop out

« LT protocol:
==m) several PCRs were used to create a consensus profiles

« Single cell STR profiling:
==) combining the results of several single cell profiles
to a consensus profile
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11 partial profiles donor A

Number of
S)I/Ds’;l:rr_le D3S1358 VWA FIBRA THO1 SE33 D8S1179 D21S11 D18S51 Amel D16S539 D2S1338 D19S433 D22S1045 D1S1656 D10S1248 D2S441 D12S391 detected
alleles
[fgg{%”{ﬁms 15/17 15/17 24 7/8 18 11/15 31/312 18/19 X/Y 9/12 17/19 13/142 14/15 143/15 13/14 10/12 20/24 32
SC-1WBC  15/17 15 24 7 18 11/15 31/312 18/19 X/Y 9/12 17 13/142 14/15 15 13/14 10/12 20/24 28
SC-2WBC  15/17 15/17 24 8 18 11/15 31/31.2 18/19 X 9 17/19 13 15 14.3/15 14 10/12 20/24 26
SC-3WBC 15 24 7/8 18 15 31/31.2 18/19 Y 13 14.3/15 13/14 20/ 24 18
SC-4 WBC 17 15/17 24 7/8 18 11/15 31/312 18/19 Y 12 19 14/15 143/15 13/14 12 20/24 25
SC-5WBC  15/17 15/17 24 7/8 18 11 31/31.2 18/19 Y 9 19  13/142 14/15 15 13/14 10/12 20/24 27
SC-6 WBC  15/17 15/17 24 7/8 18 11/15 31/31.2 18/19 XI/Y 9 17/19 13/142 14/15 143/15 13/14 10/12 20/24 31
SC-7WBC 15717 15/17 24 7/8 18 11/15 31 18/19 X/Y 12 13/14.2 14 143/15 13/14 12 20/24 26
SC-8 WBC
15/1 718 XY 17/19 13/142 14/15 15 13/14 10/12 20/24 21
SC-O9WBC 15717 15/17 24 8 18 11/15 31/31.2 18/19 X/Y 9/12 17/19 13/142 14/15 143/15 13/14 10/12 20/24 31
SC-10 WBC
15/17 15/17 24 7/8 18 11/15 31/312 18 X/Y 9/12 17/19 13/142 14/15 143/15 13/14 10 20/24 30
SC-11WBC  15/17 15 24 7 18 11 31 18/19 X 12 17/19 13/142 14/15 143/15 13/14 10/12 20 25

average profile completeness: 82%

each single allele was at least detectable 6 times

one allele in minus-one stutter position was classified as drop in (79%)
=P (NIque event

Combining the results:

m==p a full and clear profile could be deduced
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Blood stain on the blade of a knife

- ge ’hp/e
- routine S .. pho

mixture c f}/
(victim and sus, S

=

- recovering 17 WBCs de,.,v
- 4 cells no detectable alleles ed £
Op 6

- 13 partial profiles: o
6x victim (11-27 of the expected 29 alleles) /7 b
7x suspect (14-28 of the expected 30 alleles) e/"so
every single allele detected at least 3 times Ns /
+ 3 drop in alleles (each occured only once)
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GEDNAP 55 - stain 2

blood on cellulose
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Deduced partial male profile was confirmed
by the organizer of the GEDNAP proficiency test!
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Deduced partial male profile was confirmed
by the organizer of the GEDNAP proficiency test!
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Looking for an explanation ...

WBCs fresh blood sample WBCs sample GEDNAP sample
DAPI  Bright field PE DAPI  Bright field PE

—>  treated with surfactants — damage of cell membrane?
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Mixture - fresh blood of 3 contributors

—iL

Number-ofis
DNA-Systeme| D3513584 WWas | FIBRA® THO1a| SE33=| DEs11709d D215114 D18S51d  Amel | D16S539q D251338d D1954334 D2221045] D1516564 D10S1248] D254414 D125391 detected-
true-allel g
ReferenceAo| 15170 | 16417q 21425 7490 | 190 | 10150 |30+-30.2] 12180 X+Ya| 120 | 174230 13/16.20] 14/160| 11/17.30| 14/16o| 110 | 22423a| 31a |
SC-1WBCH | 15417a | 164179 214264 749m | 19w | 10/15= |304302] 124185 xm 120 23 | 1371628 14m 17.3a 14 118 221 280 |t
SC-2WBCa | 16/17m | 167179 217264 74 19% | 10/15= | 3043024 127188 XJv=| 12= 172 [13£062¢] 16 [ 114473 1418 1= [ 22723 20m s
SC-4WBCH 155 | 184174 21425Q 647= ) 19= | 10015 |3pua02d  12n | xgvm|  q2m 172 f(4511828) = |(114148) = s | 22423 21m s
SC-5WBCH | 15417% | 164174 214254 749% | 9% | 1044 29:;532”' 124188 vm 125 230 13m 144162 | 1141735 144160 23| 28m |f
SC-14WBC= | 15417 | 183 | 214254 748=| 19= 108 = (P00 wave|  12m | 47423a | 13016 2Q 4341411417 38 144168 3 / 6 23| 28m |
SC-154WBCH = 181 | 214264 om 190 0= |30/3029 127088 Xm 120 238 | 1341628 14/188| 11m | 144168 | 1= | ced23m|  23= |
gfo"f‘:'ﬂgfl; 15170 | 164174 21425 7490 | 19a | 104150 |30+30.20 124180 X+¥a| 120 | 174230 | 13416.20) 14/16a| 1117.30] 14v16a| 110 | 22423a| 310 |
a a a a a a a p=4 a p=4 a p=4 a a a a a a a I
REferefceso| #5980 | @798 2092 E¥050 .',, {30 |29¥GTEY F2999c Ni¥o| B899Ho | 209250 | IS0 99990 | @9999c | 39980 | #9950 [8FE. @30
SCOWBCH | 15/18z| = |20424d 93=m 5?5}1 13 20u 141 va | 9411 | 20425= u 14m | 11414m| 13048m | 1asamel aog2im|  24m |
SC-10WEBCH | 15418u | 178 | 20424 6+9.3= g.?;_'n 13m 2on | 124448 xove| 80m 20m 150 114-14n 1= 13 2 /3 421n 260 |f
3 n an n 204 N n 11120 n o n n N i
sC-11WBCe | 1541871890249 e | 207 K 13/152)29.312 (M as D) xavm | ertt 25m 1420 J| 114141 11/14a | 134182 j212 | 2o
Peten. | mwmo | wmwzc| sowzad pwsme| 209 | e | @90 | mawac) Xeve| o | gowmse| o | wiwmc| wiwmc| w9etse | mewme] gSvmie| 2o |
=4 n =4 n = =4 =1 = =4 = =4 =1 = =4 =4 =4 =4 =4 =4 I
ReferenceCo| 164180 180 | 224249 6o ;g;lu 14o 30o 13140 Xo 120 7270 14o 16o 1o 14o 1io 17419, 30 230 |
SC-3WBCH | 1618z | 18m | 224244 &m gggﬂ 141 30 | 134148  Xu 120 170 141 16x 118 141 Ma | 1741838 228 |
sc-ewece | 16413 | 1ea( 21424d) &= | 157 - 30m | 134148  Xm 120 17m 14m 16m 1= 14m 1a | 1741938 20 |
Salinl” 26.210 _—
SC-TWBCx | 16448z | 18z | 22 | ex | 12D | qam 302 | 138 | = 122 (17720 3) 140 168 1= 145 1931 21m |
SC-8WBCH 188 181 | 224244 &n 141 30 14x ox 128 | 170218 | 14m 181 118 141 5/8 1938 201 |
SC-12WBC= | 16413z | 183 |z2424d &n ((1B0181]) g4 30m | 134148 Xm 128 | 17421 o 188 118 141 1931 223 |
e
SC-13WBCs | 16182 | 182 | 224245 6= | oo | 4= 30m | 134148 Xm 121 | A7421m|  14m 181 118 141 112 fC164172) 228 |
SC16WBCH | 16/18z | 18s | 24m n 152 14n 30m | 134148  xm 129 17= 14 180 11 141 113 18,31 181 |!
SC-17WBCH 182 Q17418d) 24m BH gg’é‘n 141 308 | 137148  Xu 120 218 145 168 118 141 118 | 1741931  20m |
Deduced: 95+ "
profileGo 16180 180 | 224249 6o 2630 14o 30o 13140 Xo 120 7270 14o 16o 1o 14o 1io 17419, 30 23c
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Conclusions
— STR profiling of single cells isolated by DEPArray™ technology ...

- can be used successfully for the deconvolution of mixtures
composed of cells of different as well as the same cell type

- it is well suited for the investigation of balanced mixtures
- depends very much on the quality of cells (cell membrane)

— Partial profiles, attributed to the same person, should always
be combined to consensus sequences

- based on the occurrence of artifacts, single profiles should be
handled with greatest care

- how many single cells / partial profiles are needed for deducing a full
and clear profile depends on the DNA quality (profile completeness)

- standards should be defined
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