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Summary. DNA profiling is usually unproblematic when
carried out on material sampled shortly after death. Pro-
longed postmortem intervals and improper storage cause
significant DNA degradation, however there are instances
where DNA analysis becomes necessary months after
the autopsy. In such cases the investigator may be able
to revert to material initially stored for toxicological pur-
poses. In some cases such specimens undergo freeze-dry-
ing before storage. We have therefore tested DNA fin-
gerprinting of freeze-dried postmortem material. It was
found that freeze-drying is a suitable method for pre-
serving tissue samples for DNA profiling.
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Zusammenfassung. DNA-Untersuchungen gestalten sich
im allgemeinen unproblematisch, wenn das Untersu-
chungsmaterial kurzfristig nach dem Tode entnommen
wurde. Langere postmortale Intervalle sowie inadidquate
Lagerung kénnen zu entscheidender DNA-Degradierung
fithren. Es finden sich aber immer wieder Fille, wo sich
die Notwendigkeit des DNA-Printing erst Monate nach
der Sektion ergibt. Hier ist der Untersucher u. U. gezwun-
gen, auf Material zurlickzugreifen, welches urspriinglich
fiir mogliche chemisch-toxikologische Untersuchungen
asserviert worden war. Manchmal werden solche Proben
vor der Einlagerung gefriergetrocknet. Aus diesem Grun-
de testeten wir die Moglichkeit des genetischen Finger-
abdruckes an gefriergetrocknetem Leichenmaterial. Es
ergab sich, dafl die Technik der Gefriertrocknung auch
in Hinblick auf DNA-Untersuchungen eine geeignete
Probenvorbereitung ist.

Schliisselworter: Genetischer Fingerabdruck — Gefrier-
trocknung —~ Postmortale Gewebeproben — Identifika-
tion
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Introduction

DNA profiling of cadaverous and stored material has
been reported by several authors [1, 2, 5, 8, 11, 13, 16,
17, 23]. Such examinations are carried out for identifica-
tion of blood samples [3, 22], identification of corpses,
assignment of parts of corpses to one or more persons
[14, 20], or, occasionally in cases of affiliation [9, 19].
The usual technique for storing tissues or isolated DNA
is freezing [18], however investigations must sometimes
be carried out several months after autopsy and it be-
comes necessary to revert to material initially stored for
other purposes, most commonly for histological or tox-
icological examinations.

In principle it is possible to isolate DNA from formal-
dehyde fixed and paraffin embedded tissues [10]. Bir et
al. referred to the use of buffered formalin [1], but for-
maldehyde fixation over a longer period may cause DNA
degradation and foil any kind of DNA profiling. Storage
of tissue samples in absolute alcohol or water-free ace-
tone has also been found suitable. Bér et al. reported
that the yields of DNA were comparable to those from
frozen tissue [1]. Specimens stored for toxicological ex-
aminations are sometimes freeze-dried before storage.
Our aim was to investigate whether this method of tissue
preservation has a negative influence on DNA profiling.

Material and Methods

Post mortem tissues were sampled from routine autopsies (4 days
post mortem at the latest): cardiac blood, myocardial tissue, brain
cortex, muscle tissue, lung tissue and kidney. Freeze-drying was
carried out on a Christ Delta I/TA (Christ, Germany) one day after
autopsy at the latest using the technique described by several au-
thors [6, 7, 21]. The freeze-dried tissues were stored for one year
at —20°C. DNA fingerprinting was carried out as follows:

Extraction of DNA: approx. 1g specimens of freeze-dried heart
blood, brain cortex, muscle tissue, lung tissue and kidney were
mechanically homogenized (Ultra-Turrax, IKA) in 10ml nuclei
lysis buffer containing 10 mM Tris-HC1 pH 8, 400 mM NaCl, 2mM
EDTA pH 8. Blood samples were incubated in 50 mAM KCl at 37°C
followed by centrifugation (1000 X g). This procedure was repeated
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until the pellet became colourless. DNA was prepared as follows:
digestion with Proteinase K (500 pg/ml) and SDS (final concentra-
tion 0.5%), incubation overnight at 37°C; DNA was extracted
twice in phenol/chloroform/isoamylalcohol (25:24:1), precipi-
tated in 2 vol. of absolute ethanol, resuspended in 100 ul TE buffer
and incubated at 56°C for 1 h. This was followed by precipitation
in 20l 3M Na acetate and 500l abs. ethanol, one wash of the
DNA pellet in 70% ethanol, resuspension of the dried pellet in TE
buffer and dialysis for 3—4 hours.

Digestion of DNA: 10 ng DNA was digested by 50 U of the enzymes
HINF I, HAE III and Rsa I overnight at 37°C (at least 18h).

Electrophoresis: Restriction fragments were separated in a 0.6%
agarose gel (20 X 20cm) in 1 X TBE at constant voltage (40 V) for
27h.

Southern blot: Depurination was carried out in 0.3M HCI for
20 min, denaturation in 0.5 M NaOH, 1.5 M NaCl twice for 30 min.
DNA was transferred to a nylon membrane (Biodyne A, Pall and
Oncor) overnight [12] which was soaked in denaturation solution
for 15min followed by neutralization of the membrane in 0.5M
Tris-HClI pH 8.0, 1.5 M NaCl for 15 min and washed in 2 X SSC for
10 min. Finally the membrane was baked at 80°C for 1h.

Non-radioactive detection: Membranes were prehybridized and
hybridized with the multi locus minisatellite probe B.E.S.T MZ
1.3 digoxigenin according to the method described in the Biotest-
Manual {4], and with the single locus probe pYNH 24 according to
the manufacturer’s instructions [15]. Colour development: Incuba-
tion with antibody-alkaline phosphatase complex solution (Biotest
or Boehringer), 1:5000, for 30—60 min and developed with BCIP/
NBT (BCIP: 50 mg/ml DMF; NBT: 75 mg/ml 70% DMF).

Results and discussion

Freeze-drying is well known to toxicologists as a mild
and effective technique for preparing human tissues for

Fig. 1. DNA-fingerprinting on freeze-dried tissues: MZ1.3 digoxi-
genin. Lane I, 21 — phage lambda DNA HindIIT marker; lane 2,
9 — heart blood; lane 3, 10, 16 — myocard; lane 4, 11, 17 — brain
cortex; lane 5, 12, 18 — muscle tissue; lane 6, 13, 19 — lung tissue;
lane 7, 14, 20 — kidney; lane 8, 15 — phage DNA BstEII marker.
Tissues sampled from a male corpse 4 days after death, freeze-
dried specimens stored for 1 year at —20°C
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longer storage periods. There are two disadvantages of
this procedure: evaporation and/or redistribution of vol-
atile substances. However, these disadvantages should
be unimportant for DNA profiling. We therefore exam-
ined DNA fingerprinting on specimens prepared in this
way.

After 1 year of storage at —20°C, the patterns re-
vealed by MZ 1.3 were virtually unchanged with the ex-
ception that high molecular weight bands exhibited re-
duced intensity, which was probably due to delayed post
mortem sampling (Fig. 1).These findings correspond to
those of Bir et al. [1] who reported a steady exponential
decline of high molecular weight DNA with increasing
postmortem interval. Due to the varying degrees of re-
sistance against degradation the rate of decline varied
from tissue to and our results demonstrated that the best
results can be expected from lung tissue, muscle tissue
and heart blood. In the special case of blood varying re-
sults were found which could not be explained by differ-
ences in the post mortem interval. The yield of DNA
and the decreased staining intensity of high molecular
weight DNA bands differed from case to case. This phe-
nomenon may be due to artefacts, in particular to quan-
titative inhomogeneities caused by blood clots. Higher
vields of DNA appeared to be associated with small or
non-observable clots. Similar results were obtained with

Fig.2. DNA-fingerprinting on freeze-dried tissues: p YNH 24.
Lane 1, 17 — phage lamda DNA HindIII marker; lane 2, 9, 16 —
analytical marker wide range DG #1931 (Promega); lane 3, 10 —
heart blood; lane 4, 11 — myocard; lane 5, 12 — brain cortex; lane
6, 13 — muscle tissue; lane 7, 14 — lung tissue; lane 8, 15 — kidey.
Tissues sampled from a female corpse 3 days after death, freeze-
dried specimens stored for 1 year at —20°C
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Fig. 3. Electrophoresis of undigested DNA on agarose gel. From
left to right: Lane 1 — brain cortex, freeze-dried; Lane 2 — lung
tissue, freeze-dried; lane 3 — myocard, freeze-dried; lane 4 — heart
blood, freeze-dried; lane 5 — lamda DNA,; lane 6 — heart blood,
freeze-dried; lane 7 — heart blood frozen. Lane 1-4: stored for one
year, postmortem interval 4 days. Lane 6-7: stored for 3 days,
postmortem interval 2 days

p YNH 24 (Fig. 2). Low intensity staining of the higher
molecular weight region was extremely marked in the
case of heart blood and kidney. The banding patterns of
myocard, lung tissue, muscle tissue and brain cortex could
be interpreted straightforwardly. Figure 3 shows the
electrophoretical separation of undigested DNA on aga-
rose gel. If one assumes that the smearing corresponds
to the degree of DNA degradation, different stages of
decomposition in one and the same corpse are apparent
(lane 1-4). Comparison of freeze-dried blood to frozen
blood is shown in lane 6 and 7. No significant difference
in DNA degradation was detected. Different staining
density does not result from different yields of DNA but
from different amounts of the material extracted.

We conclude that freeze-drying is a suitable method
for preparing tissue samples for storage so that not only
toxicological analyses but also DNA fingerprinting can
be carried out. We found no deleterious effect of this
method on DNA profiling. Variations in the intensity of
fingerprint bands resulting from different postmortem
intervals and from the organs used as DNA source seem
to be similar to those found in frozen tissues. In problem
cases samples initially stored for other purposes can be
examined.

References

1. Bidr W, Kratzer A, Méchler M, Schmid W (1988) Postmortem
stability of DNA. Forensic Sci Int 39:59-70

2. Bar W (1989) Genetische Fingerabdriicke. Kriminalistik 5:
313-318

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

41

. Bir W, Kratzer A (1989) Abklarung strittiger Identitidt von

Blutalkoholproben mit DNA-Fingerprinting. Z Rechtsmed
102:263-270

. Biotest Diagnostics (1990) Manual B.E.S.T.-Probe MZ 1.3

Digoxigenin. Biotest AG

. Brinkmann B (1988) Expertisen an biologischen Spuren. Z

Rechtsmed 100:39-54

. Echsel H, Racek M (1976) Biologische Préparationen. Jugend

und Volk, Miinchen

. Harries RH (1965) Vakuum- und Gefriertrocknung ganzer

biologischer Objekte. Der Praparator 11:244-252

. Huckenbeck W, Miiller H (1992) Use of the minisatellite probe

MZ 1.3 for identification and assignment of dismembered
corpses. In: Rittner C, Schneider PM (eds) Advances in Fo-
rensic Haemogenetics 4 (in press). Springer, Berlin Heidelberg
New York

. Huckenbeck W, Miiller H, Prinz M (1992) Casuistic: Use of

DNA fingerprinting in cases of affiliation without mother. In:
Rittner C, Schneider PM (eds) Advances in Forensic Haemo-
genetics 4 (in press). Springer, Berlin Heidelberg New York
Ludes B, Tortel MC, Mangin P (1992) Use of PCR for forensic
analysis of DNA from formaldehyde fixed and paraffin embed-
ded human tissues. In: Rittner C, Schneider PM (eds) Ad-
vances in Forensic Haemogenetics 4 (in press) Springer, Berlin
Heidelberg New York

Gill P, Jeffreys AJ, Werrett DJ (1985) Forensic application of
DNA fingerprints. Nature 318:577-579

Oncor (1989) Sure blot: Southern-Dot Blot-Northern Protocols.
ONCO R 605 Rev B

Ogata M, Mattern R, Schneider PM, Schacker U, Kaufmann
T, Rittner C (1990) Quantitative and qualitative analysis of
DNA extracted from postmortem muscle tissues. Z Rechts-
med 103:397-406

Poche H, Wrobel G, Schneider V, Epplen JT (1990) DNA-
Fingerprinting in Katastrophenfillen — Identifizierung einer
Brandleiche (Hotelbrand mit 7 Opfern). (Abstract). Zentralbl
Rechtsmed 34:415

Promega (1990) Protocols for nonisotopic DNA typing, Pro-
mega Corporation

Roewer L, Niirnberg P, Fuhrmann E, Rose M, Prokop O,
Epplen JT (1990) Stain analysis using oligonucleotide probes
specific for simple repetitive DNA sequences. Forensic Sci Int
47:59-70

Ross AM, Harding HWJ (1989) DNA typing and forensic sci-
ence. Forensic Sci Int 41:197-203

Ross SR, Haites NE, Kelly KF (1990) Repeated freezing and
thawing of peripheral blood and DNA suspension: effects on
DNA vyield and integrity. J Med Genet 27:569-570

Sprecher W, Berg S, Epplen JT (1990) Identifikation von Blut-
proben und foetalem Gewebe durch genetisches Fingerprint-
ing. Arch Kriminol 185:44-51

Sprecher W, Kampmann H, epplen JT, Grof W (1991) Iden-
tifizierung einer Brandleiche mit Hilfe des DNA Finger-Print-
ings. Rechtsmedizin 1:101-105

Steinmann WF (1982) Makroskopische Priparationsmethoden
in der Medizin. Thieme, Stuttgart New York

Tonelli LA, Marcowicz KR, Anderson MB, Green DJ, Herrin
GL, Cotton RW, Dykes DD, Garner DD (1990) Use of deoxy-
ribonucleic acid (DNA) fingerprints for identity determina-
tion: Comparision with traditional paternity testing methods —
part 1. J Forensic Sci 35:1265-1269

Yokoi T, Aoki Y, Sagisaka K (1989) Human identification and
sex determination of dental pulp, bone marrow and blood
stains with a recombinant DNA probe. Z Rechtsmed 102:323—
330



