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&—I Introduction

e When Formalin-Fixed or Formalin-Fixed Paraffin
Embedded (FFPE) tissues are the only source of genetic

material

— Alternative sources of identification or diagnosis in

unexplained deaths
— Pathology and anatomical samples

— |dentification of exhumed embalmed bodies or human

remains




Introduction

e Bones and teeth

— Traditional sample of choice for DNA analysis with embalmed and

skeletal remains
— Soft tissue presumed too highly damaged and degraded
— More difficult to collect, and labor intensive to process
— Specialized, time consuming & costly extraction procedures

— PCR inhibitors (calcium, collagen)




Formalin fixation

* Preservation of biological tissue sections
and/or whole bodies for medical use or

burial

— Formalin: solution of formaldehyde

(ranges from 5 — 35%) in water

e Solution injected via an embalming machine

into the carotid artery ———» jugular vein

— Also in the femoral artery

Right common carotid artery

Right external jugular vein

Sternomastoid muscle

Sternomastoid muscle N
. and clavicle cut




&] Embalming and DNA

* Fixation leads to protein — formaldehyde

Interactions

— Carbonyl groups link with amine groups forming methylene

bridges fixing the tissue

o
Sl ~
R—NH, + 0. =—=pg-N“C-0H
U.l H H, H,

m bridges formed (20 — 300 bp)
7




&—I Problems with Embalminé&-DNA-

 DNA fragmentation makes it difficult to amplify high

molecular weight DNA

— Locus and allele drop out (partial profiles)

 PCR inhibitors (formaldehyde) may hinder DNA

amplification

— Direct interaction with DNA or interfering with DNA polymerase

Overall, formalin fixation decreases DNA quality and quantity




Embalming Fluid Distribution

e Exposure depends on the distribution of the

chemicals

— Density of capillaries in a tissue determines its exposure

to the solution

e Areas with high vascularity: muscle, internal organ &

epidermis

e Areas with low vascularity: bone, cartilage, hair & nails

9




&] Embalming Fluid Distribution

e Livor Mortis: pooling of blood by gravity once the

neart stops pumping

— Tissues that are compressed will not show blood pooling (white)

— Non-compressed tissues will (reddish)
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&] Material & Methods - Cadavefs

e Three male embalmed cadavers

— Arterial injection of embalming fluid

Embalming Fluid | ____Fixative | Amount _

Dodge Introfiant 20-50 % Formaldehyde 946mL
2 Dodge Chromatech Tan 10-25 % Formaldehyde 473mL
3 Pierce Care 18 15-25% % Formaldehyde 1400mL

e Tissue samples (N =122) B




Skin, Fat &
Muscle

Also collected.:
— Psoas Major

— Head Hair

— Facial Hair

— Pubic Hair

Masseter &
Zygomatic Skin

Pectoralis Major
Muscle & Skin

- Trapezius Skin
Deltoid 1|
“o Fat & Muscle

Brachioradialis

Rectus
Abdominus

A L
6

luteus Maximus
Skin, Fat & Muscle

Thenar
& Thumb Skin Nail
\\ < Clippings
Rectus Femoris
Skin & Muscle

Patellar Tendon

Gastrocnemius ‘@

Flexor Digitorumbrevis, Toe Skin and Nail Clippings




&{ Internal Organs Bones & Teeth

e Brain (Gray Matter) e Humerus
* Eye (Sclera)
e Femur
e Left Lung
e 3rd Djstal Hand
e Heart
: Phalanx
e Jejunum
e Liver e 3rd Dijstal Foot
e Kidney Phalanx
e Stomach ,
e (Canine
e Spleen
e |ncisor

e Patellar Tendon
e Bone Marrow 13

e (Calcaneal Tendon



dried & pulverized
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Extraction

360 ul Buffer ATL & 20 uL
proteinase K overnight

uL 1M DTT overnight
an extra digestion
step




DNA Quantification

e Quantifiler® Trio DNA

Low Degradation

. : 1 DI=26
Quantification Kit | 29 alleles (ful profie)
— 7500 Real-Time Thermal Cycler - H L
j I.JL. L L “ hlﬂ -y “ AR
e Total Human and Male DNA quantity . - - T— r
T o | Medium Degradation
e |PC (inhibition) - DI=23
: : 16 alleles
e DNA Degradation (Degradation |
Index) ; l
s L —— b deected ik e e e ——————
— Ratio of the small amplicon quantity
(80bp) to large amplicon quantity HfghDe;;radation

(214bp) | DI = 300
! 6 alleles

L |.lm..‘..-l boa o Bob s iy Wols a2k dapion A = R mdeaaid d oo

— The larger the DI value, the more
degraded the sample is




H

e GlobalFiler® PCR Amplification Kit

— GeneAmp® PCR System 9700

e PCR products detected via ABI Prism
3500 Genetic Analyzer

— 36c¢cm capillary and POP-4 Polymer
— GeneMapper ID-X
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Results & Discussion —

DNA Concentration

- Variation between the three cadavers
Cadaver 1 Cadaver 2 Cadaver 3
Average [DNA]
25.9 5.7 28.1
(ng/uL)
DNA Concentration
Proportion of Samples (%)
(ng/uL)
>20 35 5 34
10 - 20 18 18 13
2-10 17 18 20
0.02-2 28 a4 27
0.002 —0.02
Below 0.002 2 6 2
Difference in yield between cadavers was highly significant (F , o= 4.99, p < 0.01). |




		

		Cadaver 1

		Cadaver 2

		Cadaver 3



		Average [DNA] (ng/μL)

		25.9

		5.7

		28.1



		DNA Concentration (ng/μL)

		Proportion of Samples (%)



		> 20

		35

		5

		34



		10 – 20 

		18

		18

		13



		2 – 10 

		17

		18

		20



		0.02 – 2 

		28

		44

		27



		0.002 – 0.02 

		0

		9

		4



		Below 0.002

		2

		6

		2








DNA Concentratio:'n

e Overall, bone marrow resulted in 250
)
the highest yields of all samples 2
g y P E" 06
e Skin, organ and muscle similar ::;
: L : £ 150
e Other (cartilage, clippings, hair, -
c
(J]
teeth & tendon) and bone were S 400
(@)
.. (&)
similar <
L . £ 50
* Nails, skin, stomach, hair and
[ [ 1
teeth consistently yielded the 0 M N . i .
lowest amounts of DNA. & & & O & &
®'b‘* Qb OQQO @QQ 0‘6\ Qo
o@
%O
I Difference in DNA Concentration between tissue types was significant (F , 5, = 3.18, p < 0.05 ) I 20




Results & Discussion —

DNA Degradation

e 9 out of 122 samples were
“" Cadaver1 “ Cadaver 2 Cadaver 3
too degraded to determine 45 - \
40 -
a DI value (the large <35
amplicon could not be 830 -
g— 25 -
amplified) 820 -
(Y-
15 -
consistent across the three 5_ N
<1 1-24 25- 5-74 7.5- 10-99 100- 500- 1000
cadavers 49 0.9 499 999
Degradation Index
I DI values were not found to differ significantly between the cadavers (F , o4 = 0.69, p = 0.5). I




DNA Degradation

e Variation was seen across 450 -

. . 400 -
the various tissue types o

e Organs were the most 300 -
damaged; bone and bone & 250 -
marrow the least ¥ 200
v 150 -
e Consistent with the < 100 - }
hypothesis that highly 50 ] I 5
perfused tissues are more 0 - e
h . hl d d ¢3’° \‘90 &éz .gll‘o <‘°$ Q,o*&
ighly damage & & ¢ R
‘b°°z

I The DI values were found to differ significantly based on tissue type (F , 4, = 3.25, p < 0.05). I
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90 . 1§U 21|D 270 3?;0 390 . 450
12000 Cadaver 1 — Femur Marrow
80{]{]:
40004 DI=0.7
1 L L MMM L] MJ ﬂ“M L
90 150 210 270 330 390 450
12000 f = = = = =
Cadaver 1 — Rectus Abdominus
8000
4000+
| l ﬂ DI=17
0 A I\ A = .ft . A.
90 . 1$U 21|D 270 31}[] 3EIJD . 450
270004 Cadaver 1 — Stomach
18000+
9000+

DI =639




Results & Discussion —

STR Analysis

STR success was found to be
dependent on the donor (F , ¢; = 100 -
5.81, p < 0.01). < %0 ‘ [
_ T 80 -
e Bone marrow and muscle tissue = 0.
types generated on average the most o 60 .
. v .
complete STR profiles 7,
= 50 I
* Internal organs consistently yielded g 40 -
the least complete % 30 -
e 9 samples consistently produced full a;, 20 -
profiles < 10 - l
— Muscle — Flexor Digitorum brevis, 0 - ' ' . 1 |
Gastrocnemius, Rectus Femoris & é,‘o*“ o,,b”' ‘_;i.\*‘ o’&é Q,o“?' 820"
Thenar o@ 3 o
O
— Fingernails, calcaneal & patella Q°
tendon 2



No. Alleles called (%)

100

STR Analysis

Femur

3rd Hand

3rd Foot
Phlanx Phanlanx

Bone Samples

Humerus

25
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Organ Samples
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100
90
80
70
60
50
40
30
20
10

No. Allleles called (%)

STR Analysis

Gastroc Rect Fem Thenar Masseter Brachio  Pec Deltoid Psoas RectAb Gluteus Trapezius
Major Maximus

Muscle Samples
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Data suggest that DI values

are not predictive of STR

success with FD samples

Samples with low DI values
and partial/no profiles and
samples with extremely high
DI values with partial/full

profiles

Alleles Detected (%)

100
90
80
70
60
50
40
30
20

10

V)
. ¢
¢

1 e $
| ¢
| o $

®
Z ¢ ®
0 500 1000

Degradation Index (DI) 22




ﬁ_] Allele Drop Out vs Amplicon Size'

Average ADO
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Average Fragment length (bp) 29




&] Allele Drop Out vs Amplicon Size'

Average ADO
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Results and Discussion'—

Livor Mortis

e Skin, fat & muscle sampled from two areas:

— Trapezius - livor mortis, blood pooling (reddish)

— Gluteus Maximus — compressed (white)

Data suggest that areas under

compression may have less

damaged DNA than areas with

blood pooling

Not the actual cadaver used

31




Average DNA Concentration (ng/ul)

25

20

15

10

Lividity Compression

No statistical difference in

[DNA] (p=0.12)

DI

600

500

400

300

200

100 -

Lividity =~ Compression

No. Alleles (%)

100

90

80

70

60

50

40

30

20

10

Lividity = Compression

Statistical difference in DI

(p<0.5)

Statistical difference in
success (p < 0.5)




Conclusions

e Guidance may be provided to the forensic community on which
tissues from embalmed human remains will most likely generate

more complete STR profiles.

e While bone samples did result in both partial to full profiles, skin

and muscle samples resulted in higher average success rates.

— These samples are also much easier to obtain and extract DNA from than bone and

teeth.
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STR Success

Muscle Bone

&7
3 ARNY

STR Success | Color Code

STR Success | Color Code

STR Success | Color Code

31-60%

91 - 100 %

|
4 QA & o 34

91-100 %
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