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ABSTRACT

Background: Disaster victim identification (DVI) is a part of a collective
response to mass disasters with the intention of identifying victims and body parts.
Muscle tissue is sampled during DVI operations to identify victims by DNA analysis.
Aim: To provide an effective field based method for preservation of DNA in human
muscle tissues. Methods: A cross sectional comparative study was carried out on
normal healthy human muscle tissues which were collected from patients admitted to
Suez Canal University Hospital for surgical amputation of a part of limb. Muscle
tissue was stored for 4 weeks in a number of preservatives at room temperature (15-
20°C). This process was repeated at 37°C to simulate the conditions expected during
DVI operations in warm conditions. Samples were also stored at -20°C which
represents the optimum storage condition used in many countries. Quantitative and
qualitative analysis of DNA extracted from samples was done for each preservative
during the 4 weeks. The study was conducted in the clinical pathology department in
faculty of medicine-Suez Canal University, Ismailia, Egypt. Results: All preservatives
could retain DNA up to the 4 weeks. Ethanol 70% (EtOH) gave the highest DNA
concentration in both conditions (p value <0.001), followed by Dimethyl sulfoxide
(DMSQO) in room temperature and Sodium Chloride (NaCl) in 37 °C. All used
preservatives did not show degradation in room temperature, while NaCl and Ethanol
70% showed degradation in DNA extracted in day 28 in 37 °C condition ( p value
<0.001). Conclusion: DMSO is a successful method of preservation of DNA in
human muscle tissue up to 4 weeks in both room temperature and 37 °C. While NaCl
and Ethanol 70% are successful methods of preservation of DNA in muscle tissue up
to 2 weeks only in 37 °C and up to 4 weeks in room temperature (15-20°C).

Key words: Disaster victim identification; Forensic DNA analysis; preservatives;
Ethanol, DMSO.
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INTRODUCTION

Identification is an important task
in Forensic Medicine whether it
involves an individual crises or a mass
disaster. In Mass disasters, this task is
very challenging and the ability to
recognize victims is very critical as the
extent of a disaster may hold back and
delay identification (Interpol, 2009).
Moreover, Forensic and medical staff
members usually face lack of
resources, as in 2004, Asian tsunami
(Bajaj, 2005; Morgan et al., 2006;
Tsokos et al., 2006).

DNA examination is one of the
primary three identification methods
recommended Dby the International
Criminal Police Organization
(INTERPOL) (INTERPOL, 2009;
Sweet, 2010). As soft tissue is usually
abundant in mass disasters, deep red
non-decomposing muscles are
recommended for DNA profiling when
available. However, the main problem
facing the forensic staff is to get the
samples to the lab in proper conditions
(Prinz et al., 2007) as by the time they
reach the labs, they are either partially
or completely degraded and DNA can't
be extracted from them (Dassauer et
al., 1996). Therefore, rapid collection
and storage of samples through
optimizing the conditions responsible
for DNA degradation, e.g. temperature,
duration and  preservatives  are
mandatory  for  successful DNA
profiling (Dassauer et al., 1996; Prinz
et al., 2007).

A lot of published research
reported methods to preserve tissues for
medium to long periods of time
(Kilpatrick, 2002; Caputo et al.,
2011). However, mass disasters are
generally field-based that requires
short-term storage because the samples
will be stored in refrigerators following

transportation to the laboratory (Allen-
Hall and McNevin, 2012).

Known procedures for maintaining
biological samples vary widely
between placing in cold storage as
recommended by The National
Association of Medical Examiners,
(2005) and Federal Bureau of
Investigation, (2007) and preserving
briefly in preservative solutions in
room temperature (Fregeau et al.,
2001). AIll of these methods have
advantages and disadvantages. Cold
storage is widely used, as freezing
reduces DNA changes, rendering DNA
extractions in no need for any special
considerations. However, this method
requires refrigerators, a power supply
or available liquid nitrogen. On the
other hand, dehydration prevents
nuclease and bacteria by removal of
water (Gillespie et al., 2002).

Storage in a liquid preservative has
been the focus of various studies.
Alcohol is a common preservative
solution  which is effective at
dehydrating and sterilizing samples
without cross-linking DNA. On the
contrary, formaldehyde which
permeates tissue and cross links
proteins and nucleic acids affects the
quality of DNA extraction (Gillespie et
al., 2002; Srinivasan et al., 2002).
Ethanol is an inexpensive and easily
obtained alcohol. It has proven to be an
effective tissue storage method that
allows DNA recovery (Dawson et al.,
1998; Penna et al., 2001; Gillespie et
al., 2002; Kilpatrick, 2002) as well as
killing a wide range of bacteria and
fungi (Fregeau et al., 2001). Other less
common tissue storage solution is
dimethyl sulfoxide (DMSO) which is
highly permeable in tissues,
dehydrating them by displacing water.
However, when it is combined with
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Sodium Chloride (NaCl) and EDTA,
DMSO has been proved to be very
effective  at  preserving DNA
(Kilpatrick, 2002).

Most of the preservatives used are
liqguid based; however, solid based
preservatives are very effective in field
as there is a very little chance of
spillage or evaporation over time.
Sodium chloride (NaCl) is a common
preservative that has been used for
centuries. In solid form, it dehydrates
the sample, inactivates nucleases and
slows the growth of bacteria (Nagy,
2010). The present study was carried
out to compare between the effect of
different field based tissue
preservatives at both room temperature
(15-20 °C) and 37 °C on the quantity
and quality of DNA recovery for
further identification in an attempt to
provide an effective field based method
for preservation of DNA in human
muscle tissues

MATERIALS & METHODS

A cross sectional comparative
study was carried out on normal
healthy human muscle tissues which
were collected from two patients
admitted to Suez Canal University
Hospital for surgical amputation of a
part of a limb. The study protocol runs
in compliance with the Helsinki
Declaration and approved by Research
Ethics Committee of Faculty of
Medicine Suez Canal University. An
informed written consent was obtained
from the two participants. All data were
confidential as anonymized residual
samples were completely unknown to
the researcher. All samples used in this
study would not be used in the future in
further studies. The study was carried
out on two phases. First experiment:
tissues which were collected from the

first patient, were placed in clean
plastic bags, preserved in ice, and then
transported to the clinical pathology
department laboratory. They were
placed in -20 °C till the next day. On
next morning, they were dissected into
91 tissue specimens on a sterilized
surface inside a laminar flow cabinet
and weighed into 300 mg slices. The
tissue slices (21 samples for each
preservative) were placed in sterile
screw top test tubes in 2 mL of each of
the following liquid preservatives:
Ethanol 70% and DMSO. Regarding
NaCl, tissue slices were placed in 4 g
NaCl. Twenty-one tissue slices were
put in empty test tubes and preserved at
-20 °C. Seven samples were used
without any preservatives for DNA
extraction at day O to record DNA
baseline concentration (zero level).
This work was done in winter
(December 2013 and January 2014);
room temperature was about 15-20 °C.
In the second experiment, the work was
repeated using the second patient's
tissue sample. Preserved samples were
incubated at 37°C. Muscle tissues
embedded into different preservatives
were subjected to DNA extraction at
days 7, 14 and 28. Each sample was
removed from preservative and put in a
new tube with one ml distilled water.
The sample was centrifuged at
maximum speed (12.000 rpm) for
Imin. Then distilled water was
removed from the tube.

DNA extraction from muscle:
DNA was extracted by using Invisorb®
spin tissue mini kit for isolation of total
genomic DNA from tissue. Extraction
was undertaken following manufacturer
recommendations.  After extraction,
DNA concentration of each sample was
measured by using the NanoDrop ®
ND-1000,  Full-spectrum  UV/Vis
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Spectrophotometer (NanoDrop
Technologies, Inc. Wilmington, DE
USA, 2005). A rough estimate of DNA
quality was made by electrophoresing
the samples on a 0.7% agarose gel.
Then gel was carefully exposed to UV
trans-illuminator. The bands were
analyzed and picture was taken. All
equipment used to handle tissue
samples were either autoclaved or
sterilized using 10% bleach or 70%
ethanol.

Data analysis: All statistical
analyses were done using SPSS
(Statistical ~ Package  for  Social
Sciences) version22. Numeric data
were presented in the form of means *
standard deviations. Qualitative data
were presented as numbers and
percentages. Significance of differences
in DNA concentration between the four
studied groups (preservation methods)
was assessed using Kruskal-Wallis
Test. Differences between pair of
groups was assessed using Mann-
Whitney U test. Wilcoxon Signed
Ranks test was used for assessment of
significance of difference between two
repeated measurements of the same
group. Freidman test was used to assess
significance of differences in DNA
concentration of >2 repeated
measurements of the same group. Chi
square test was used to assess
differences  between  groups in
qualitative data (DNA degradation).
Exact p value of Chi-square test was
used in case expected count of >25% of
cells was <5. For all statistical tests
level of significance was <0.05.

RESULTS
DNA extracts of excised muscle
tissue samples at day O (baseline DNA
concentration) in the first experiment
ranged from 99-101 ng/ mL with a

mean value 100.14+0.690 ng/ml, while
they ranged from 57-58 ng/ml with a
mean value 57.57£0.535 ng/ml in the
second experiment. The DNA masses
recovered at day O and those recovered
at days 7, 14 and 28 for each
preservation method (first experiment)
are shown in table (1), while those
recovered after repetition of the
experiment at 37 °C (second
experiment) are shown in table (2).

The present study revealed
significant differences among the used
preservation  methods (in  both
experiments) in DNA concentrations
extracted at days 7, 14 and 28. EtOH
70% gave the highest yield followed by
DMSO in the first experiment
(Kruskal-Wallis Test, p value <0.001).
In the second experiment, EtOH 70%
gave the highest yield through the
whole duration of the study, followed
by DMSO in day 7, while it was
followed by -20°C for day 14 and NaCl
for day 28 (Kruskal-Wallis Test, p
value <0.001). A statistical significant
difference was found between each 2
preservatives used in the study for both
experiments (Mann-Whitney U test p<
0.05) except for -20°C compared to
DMSO at day 28 in the first experiment
(at room temperature).

At the first experiment, DNA
concentrations extracted from samples
preserved in -20°C, EtOH 70%, DMSO
and NaCl, declined over time and
declined from baseline DNA except
for EtOH 70% which increased over
baseline (Friedman test p <0.001) table
(1). At the second experiment
(incubated at 37 °C), DNA
concentrations extracted from samples
which were preserved in Ethanol 70%
and NaCl increased overtime, while
there was no constant trend for DNA
which was extracted in case of DMSO
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& -20°C. They all declined from base
line concentrations (Friedman test p
<0.001), table (2).

No degradation in DNA extracted
from all preserved samples was found
over the time periods of the study (up
to 4 weeks) in the first experiment
figure (1), while at the second

was found in DNA extracted from 6 out
of 7 samples preserved in NaCl and
complete  degradation of DNA
extracted from all samples preserved in
Ethanol 70% at day 28 (Exact p value
of chi square test <0.001). Otherwise
no degradation was found in samples
preserved in DMSO & -20°C figure (2).

experiment,

incomplete degradation

Table (1): Concentration of DNA extracted from human muscle tissue along the 28
days of preservation in -20°C and studied preservatives (NaCl, DMSO, Ethanol
70%) at room temperature (15-20 °C).

Storage duration P value
Preservative Day 7* Day 14* Day 28*
-20°C 74.9+0.89%% 20.2+0.9"% 27.7+0.6™ <0.001**
NaCl 54.3+0.89% 25.3+0.8% 20.3+0.7% <0.001**
DMSO 79.6+0.8%* 42.3+0.5 28.2+0.7* <0.001**
Ethanol 70% 117.2+0.7¢ 56.1+0.7 33.1+0.7 <0.001**

All values are presented in mean + standard deviation

@ p value <0.05 compared with baseline
* P value <0.001 (Kruskal-Wallis Test)

** Statistically significant at p <0.05 (Friedman test). Baseline DNA concentration was included

(100.1£0.7 ng/ml) for all groups

*P value <0.05 compared with NACL group

%P value<0.05 compared with DMSO group

¥P value<0.05 compared with Ethanol group

Table (2): Concentration of DNA extracted from human muscle tissue along the 28
days of preservation in -20°C and studied preservatives (NaCl, DMSO, Ethanol

70%) at 37 °C
Storage duration
Preservative Day 7* Day 14* Day 28* P value
-20°C 41.4+0.997% 64.4+0.6™ 56.1+0.6™* <0.001**
NaCl 39.4+0.69% 40.3+0.6% 114.3+0.5% <0.001**
DMSO 54.2+0.69* 50.6+0.5" 76.2+0.5¥ <0.001**
Ethanol 70% 55.2+0.7¢ 103.9+0.5 115.3+0.7 <0.001**

All values are presented in mean + standard deviation

@ P value <0.05 compared with baseline
* p<0.001 (Kruskal-Wallis Test)

** Statistically significant at p <0.05 (Friedman test). Baseline DNA concentration was included

(57.6£0.5 ng/ml) for all groups.

*P value <0.05 compared with NACL group

*P value<0.05 compared with DMSO group

¥P value<0.05 compared with Ethanol group
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Figure (1) Gel electrophoresis of DNA extracted at days 7, 14 and 28 from human

muscle tissues preserved in -20°C and studied preservatives (NaCl, DMSO,
Ethanol 70%) at room temperature (15-20°C).
Samples arranged from left to right as following: A=ladder, B= control, C= -20 °C (day
7), D= NaCl (day 7), E= DMSO (day 7), F= Ethanol 70 %(day 7), G= -20 °C (day 14),
H= NaCl (day 14), I= DMSO (day 14), J= Ethanol 70 %( day 14),K=-20 °C (day 28), L=
NaCl (day 28), M= DMSO (day 28), N= Ethanol 70 %( day 28).

Figure (2) Gel electrophoresis of DNA extracted at 1, 2,4weeks from human muscle
tissues preserved in -20°C and studied preservatives (NaCl, DMSO, Ethanol 70%)
at 37°C.

Samples arranged from left to right as following :A=ladder, B= control ,C= -20 °C (day 7),

D= NaCl (day 7), E= DMSO (day 7), F= Ethanol 70% (day 7), G= -20 °C (2week), H= NaCl

(2week), 1= DMSO (2week), J= Ethanol 70 %( 2week),K= -20 °C (day 28), L= NaCl(day

28), M= DMSO(day 28), N= Ethanol 70%( day 28).
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DISCUSSION

Disaster victim identification is
very challenging due to large number
of victims and the presence of
fragmented remains. The situation gets
more complicated when forensic and
medical staff face the lack of facilities,
hence emerges the need for preserving
tissue samples. Tissue preservation
methods should be safe, readily
available and easy to transport to the
scene with a low cost (Allen-Hall,
2011).

The used preservatives in the
present study required little preparation,
and did not need any specialized
equipment.  Moreover, they are
inexpensive;  therefore they are
applicable in developing countries with
low economic status.

A cross sectional comparative
study was carried out on 91 specimens
of healthy human muscle tissues to
compare the effect of different types of
preservatives at different time intervals
on the quality and quantity of DNA
extracted from human muscle tissues. It
was conducted in the clinical pathology
department, Faculty of medicine-Suez
Canal University, Ismailia, Egypt,
human muscle tissues were collected
from two patients admitted to Suez
Canal University Hospital for surgical
amputation of a part of a limb.

In the present study, cold storage at
-20°C and three preservatives (NaCl,
DMSO, Ethanol 70%) were used to
preserve human muscle tissue in two
situations: room temperature (15-20°C)
(first experiment) and oven incubated
at 37 °C (second experiment). DNA
was extracted from the tissue after
preservation periods at days 7, 14 and
28. The 37 °C temperature was used in
this study to simulate the conditions
which are expected at mass disaster

sites in tropical climates. Given that
DNA degrades more quickly at higher
temperatures (Alaeddini et al., 2010),
this temperature represents the worst
case scenario so that if a preservative is
successful at yielding DNA at this
temperature, it is likely that it will also
work at lower temperatures (Allen-
Hall and McNevin, 2012). Moreover,
the present study was conducted on
human muscle tissues. While most of
the previous studies used non-human
tissues (Amos and Hoelzel, 1991;
Seutin et al., 1991; Arctander and
Fjelds, 1994; Dawson et al., 1998;
Williams, 2007; Gaither et al., 2011;
Michaud and Foran, 2011), few
studies were done on human tissues
(Caputo et al., 2011; Allen-Hall and
McNevin, 2012).

In the present study, it was found
that all preservatives were capable of
retaining DNA up to 4 weeks in both
room temperature (15 to 20 °C) and
37°C. At room temperature, DNA
concentrations which were extracted
from all samples declined over time
which was also detected by Allen-Hall
and McNevin 2012 and Shahzad et al.,
(2009). When the experiment was
repeated at 37°C incubation (second
experiment), DNA  concentrations,
which were extracted from samples
preserved in Ethanol 70% and NacCl
increased overtime, while there was no
constant trend of DNA concentrations
extracted in cases of DMSO and -20°C
preservation. The increase of extracted
DNA concentrations over time at 37 °C
might be due to more lysis of muscle
tissue with time as heat help in
processing and grinding of tissue so
more DNA can be extracted (Allen-
Hall, 2011). Dry table salt (NaCl) as
well as heat cause rapid tissue
dehydration leading to rapid tissue
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preservation (Caputo et al., 2011;
Allen-Hall, 2011). Over time both
intracellular and extracellular fluids are
decreased due to high temperature and
NaCl which makes DNA become more
concentrated leading to overestimation
of DNA. This explanation was adopted
by Allen-Hall, (2011) and could also
explain  the increase in DNA
concentrations in the present study.
Allen-Hall and McNevin, (2012)
compared the following tissues
preservatives: NaCl, DMSO, EtOH,
EtOH-EDTA, DNA-Gen and
DNAgard on human muscle tissue and
concluded that all of them were
suitable for storage of tissue at 35°C for
4 to 28 days. They also found that
samples preserved in NaCl showed
increased DNA vyield over time. The
oven dried samples produced high
DNA yields. The mean DNA increased
from day7 to 14 and decreased to day
28. In DMSO Sample, the DNA
quantity decreased from day 4 to day?7,
but it increased from day 7 to 14. Then
it decreased again from day 14 to day
28 (Allen-Hall and McNevin, 2012).
The results of the present study are in
agreement with the results of Allen-
Hall and McNevin, as DMSO samples
did not show apparent trend in both
studies, while NaCl showed increased
concentrations in both studies. Allen-
Hall and McNevin, (2012) also
detected that ethanol 70% preserved
samples vyielded more DNA than
baseline concentrations, which was
observed also in the first experiment in
the present study and DNA
concentration increased over time in
ethanol 70% preserved samples which
was observed in the 2" experiment in
the present study. This can also be
explained by the fact that ethanol
evaporates easily and removes water

from the sample, which in turn
denatures  proteins and enzymes
(Seutin et al., 1991; Flournoy et al.,
1996) which also might overestimate
the concentration of extracted DNA in
addition to the previously explained
effect of heat in the 2" experiment.

NaCl causes a change of ionic
concentration within the tissue and
desiccation leading to preservation
(Mukaida et al., 2000; Michaud and
Foran, 2011). A study for long-term
room temperature preservation of
corpse soft tissue (muscle) was
performed by Caputo et al., (2011)
using solid sodium chloride (salt) at
room temperature as one of the
methods of preservation. They found
that the DNA quantities were similar
up to one year and NaCl preservation
enabled to obtain high quality genetic
profiles. Their results agree with the
present study concerning NaCl
effectiveness in preserving human
muscle tissue in room temperature.
However higher temperature (37 °C)
could be responsible for DNA
degradation in the second experiment.
Nagy, (2010) does not recommend
NaCl to be used for fresh tissue
preservation and consider silica beads
to give better results.

In the present study all methods of
preservations in the first experiment (-
20°C as well as preservatives at room
temperature) retained DNA with no
degradation up to the 4 weeks. In the
second experiment (-20°C as well as
preservatives at 37°C), incomplete
degradation was found in DNA which
was extracted from the samples
preserved in NaCl and complete
degradation of DNA extracted from
the samples preserved in Ethanol 70%
at day 28. Otherwise no degradation
was found in samples preserved in
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DMSO & -20°C. This degradation
might be related to high temperature as
DNA degrades more rapidly at higher
temperatures (Alaeddini et al., 2010).
These results indicate that DMSO & -
20°C are the best methods that protect
DNA from degradation up to 4 weeks.

Allen-Hall and McNevin, (2012)
in their study found that DMSO and
Ethanol (70%) showed no degradation
while NaCl produced degradation of
some samples. The present study
agreed that DMSO is the best in higher
temperatures as it showed no signs of
degradation. Ethanol preserved samples
showed full degradation in the present
study, which was not found in Allen-
Hall and McNevin, (2012) study and
that might be due to the higher
temperature we used (37°C oven
drying) which degrades DNA rapidly.
Different extraction methods, different
methods of sample collection and DNA
profiling were not performed in the
present study. It is worth mentioning
that extraction methods which were
used, could greatly affect the success
rate of the used preservation method
(Straube and Juen, 2013).

Ethanol penetrates cellular
membranes rapidly and inactivates
nucleases (King and Porter, 2004). In
a study conducted by Gaither et al.,
(2011) to compare between (ethanol)
EtOH 95% and salt-saturated DMSO
(SSD) as preservatives of coral
specimens, EtOH-preserved specimens
yielded more DNA; however, SSD
produced higher molecular weight
DNA and some EtOH-preserved
specimens showed degradation
(Gaither et al., 2011). This agrees with
the results of the present study that
EtOH 70% yielded more DNA than
DMSO and that DMSO is better than
ethanol regarding the quality of

extracted DNA at 37°C, but at room
temperature neither of them showed
degradation. However, in the present
study the duration of preservation was
shorter in the present study (28 days vs.
28 months). The results for ethanol are
varied and the factors that determine
the effectiveness of ethanol as a
preservative are concentration, the type
of tissue and the amount of time
required for storage (Allen-Hall,
2011). Michaud and Foran, (2011)
detected that alcohols at room
temperature were good for short-term
storage of tissues, which is suitable for
most forensic case scenarios and agree
to the results of the present study, as no
degradation was found in samples
stored in 70% ethanol for up to one
month at  room temperature.
Degradation was observed when 70 %
(v/v) ethanol was used to store avian
tissue (Seutin, 1991) but not when used
to stored molluscan tissue (Dawson et
al., 1998).

Refrigeration was considered less
effective than DMSO solution by
Michaud and Foran, (2011) which
was also detected in the present study;
as refrigeration yielded less DNA than
baseline, DMSO and ethanol 70%.
Samples preserved in -20°C retained
DNA with no degradation. Michaud
and Foran, (2011) used decomposing
pig tissues which might have affected
their results as DNA degradation have
already started before preservation of
samples, while fresh human muscle
tissue was used in the present study. In
the present study freezing did not give
the best results which may be due to
thawing and refreezing of samples
preserved in -20°C. Freezing of tissue
might induce ice crystals which destroy
the integrity of cell membrane leading
to release of endogenous enzymes
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which destroys DNA after thawing
process (Mazur, 1970; Carpi et al.,
2011). Moreover equipment used for
freezing can't be controlled all over the
day accurately; power supply might be
cut suddenly which proves that freezing
is not always the best applicable
method for tissue preservation.

The DMSO preservative is an
aqueous solution that removes water
from tissues. It enhances the absorption
of other solutes into the cell; it can be
considered an enhancing vehicle for
other preservatives (Kilpatrick, 2002).
SSD has several practical advantages
over EtOH in being non-flammable and
relatively nontoxic and is therefore
much easier to transport and store
(Gaither et al., 2011). Kilpatrick
(2002) found that the DMSO
preservative (20 %, pH 7.5) produced
high molecular weight DNA and
successful PCR products from mouse
livers after two years storage at room
temperature. Seutin et al. (1991) stored
avian tissue (heart, muscle, liver and
brain) in DMSO preservative (20%, pH
8.0) and produced results that were
comparable to freezing after storage at
room temperature for up to 24 weeks.

LIMITATIONS OF THE STUDY
For economic and technical reasons,
PCR and Genetic profiling were not
performed in this study, so this is a
preliminary study which gives an
overview on the used preservatives and
their ability to preserve DNA for short
durations.

CONCLUSION &
RECOMMENDATION
According to the present study, it
concluded that DMSO is a successful
method of preservation of DNA in
human muscle tissue up to 4 weeks in

both room temperature and 37 °C.
While NaCl and Ethanol 70% are
successful methods of preservation of
DNA in muscle tissue up to 2 weeks
only in 37 °C, and up to 4 weeks in
room temperature (15-20°C).

We recommend that this work be
repeated with larger sample size and on
different human tissues. Larger sample
size is also recommended>

ETHICAL APPROVAL

This study was approved by the
Research Ethics Committee Faculty of
Medicine, Suez Canal University

Funding: The authors have funded
this work by themselves.

Conflict of interests: The authors
have declared that no competing
interests exist.

REFERENCES

Alaeddini R, Walsh SJ, Abbas A.
(2010): Forensic implications of
genetic analyses from degraded
DNA: A review. Forensic Science
International Genetics.
2010;4(3):148-157.

Allen-Hall A, McNevin D. (2012):
Human tissue preservation for
disaster victim identification (DVI)
in  tropical climates. Forensic
Science International  Genetics.
2012; 6(5): 653-657.

Allen-Hall A. (2011): Preservation of
human muscle in  conditions
commonly associated with mass
disasters. A thesis submitted in
partial fulfillment of the
requirements for the degree of
Bachelor of Applied Science
(Honours) at the University of
Canberra, February 2011, Faculty of
Applied Science
www.canberra.edu.au/.../file/.../intro

Egypt J. Forensic Sci. Appli. Toxicol

Vol 16 (1) June 2016


http://www.canberra.edu.au/.../file/.../introductory_pages.pdf

Ali et al.

189

ductory pages.pdf. Accessed June
2014.

Amos B, Hoelzel RA. Long-term
preservation of whale skin for DNA
analysis. Reports of the International
Whaling Commission. 1991;13: 99-
103.

Arctander P, Fjelds A. (1994): Avian
tissue collections for DNA analysis.
International Journal of Avian
Science. 1994;136(3): 359-360.

Bajaj A. (2005): Disaster victim
identification: tsunami. Brit. Dent. J.
2005; 198 (8): 504-505.

Caputo M, Bosio LA, Corach D.
(2011): Long term room temperature
preservation of corpse soft tissue: an
approach for tissue sample storage.
Investigative Genetics. 2011; 2:17.

Carpi FM, Di Pietro F, Vincenzetti S,
Mignini F, Napolioni V. (2011):
Human DNA extraction methods:
patents and applications. Recent
Patents on DNA & Gene Sequences,
2011; 5 (1):1-7

Dassauer HC, Cole CJ, Hafner MS.
(1996): Collection and storage of
tissue, in: Hillis DM, Moritz C,
Mable BK, editors. Molecular
Systematics, 2nd ed. Sinauer
Associates Inc.: Sunderland, USA;
1996.

Dawson MN, Raskoff KA, Jacobs DK.
(1998): Field preservation of marine
invertebrate  tissue  for DNA
analyses. Molecular Marine Biology
and Biotechnology. 1998;7(2): 145-
152.

Federal Bureau of Investigation
(2007): Handbook of forensic
services, 2007.

http://www.fbi.gov/hg/lab/handbook
[forensics.pdf. Accessed June 2013.
Flournoy LE, Adams RP, Pandy RN.
(1996): Interim and archival
preservation of plant specimens in

alcohols  for  DNA  studies.
Biotechniques, 1996. 20(4): p. 657-
660.

Fregeau CJ, Vanstone H, Borys S,
McLean D, Maroun JA, Birnboin
HC, Fourney RM. (2001):
AmpFISTR  Profiler Plus and
AmpFISTR COfiler analysis of
tissues stored in GenoFix, a new
tissue preservation solution for mass
disaster DNA identification. Journal
of Forensic Science. 2001; 46(5):
1180-1190.

Gaither MR, Szabo Z, Crepeau MW,
Bird CE, Toonen RJ. (2011):
Preservation of corals in salt-
saturated DMSO buffer is superior
to ethanol for PCR experiments.
Coral Reefs. 2011; 30:329-333.

Gillespie JW, Best CJ, Bichsel VE,
Cole KA, Greenhut SF, Chuaqui
RF, Herring JC, Pfeifer J,
Petricoin EF, Linehan WM, Duray
PH, Bova GS, Emmert-Buck MR.
(2002): Evaluation of non-formalin
tissue  fixation for  molecular
profiling studies. .American Journal
of Pathology. 2002; 160(2): 449-
457.

INTERPOL (2009): Disaster Victim
Identification Guide, 20009.
http://www.interpol.int/Public/Disast
erVictim/Guide.asp. Accessed
August 2013.

Kilpatrick CW. (2002): Non-cryogenic
preservation of mammalian tissue
for DNA extraction: An assessment
of storage methods. Biochemical
Genetics. 2002; 40(1-2):53-62.

King JR, Porter SD. (2004):
Recommendations on the use of
alcohols for preservation of ant
specimens (Hymenoptera,
Formicidae). Insectes Sociaux. 2004;
51(2):197-202.

Mazur P. (2007): Cryobiology: the

Egypt J. Forensic Sci. Appli. Toxicol

Vol 16 (1) June 2016


http://www.canberra.edu.au/.../file/.../introductory_pages.pdf
http://www.ingentaconnect.com/content/ben/dnag;jsessionid=3j0sammif7lxu.alexandra
http://www.ingentaconnect.com/content/ben/dnag;jsessionid=3j0sammif7lxu.alexandra
http://www.fbi.gov/hq/lab/handbook/forensics.pdf
http://www.fbi.gov/hq/lab/handbook/forensics.pdf
http://www.interpol.int/Public/DisasterVictim/Guide.asp.%20Accessed%20August%202013
http://www.interpol.int/Public/DisasterVictim/Guide.asp.%20Accessed%20August%202013
http://www.interpol.int/Public/DisasterVictim/Guide.asp.%20Accessed%20August%202013

Ali et al.

190

freezing of biological
Science 1970; 168: 939-949.

Michaud CL, Foran DR. (2011):
Simplified Field Preservation of
Tissues for Subsequent DNA
Analyses. Journal of Forensic
Science. 2011; 56(4): 846- 852.

Morgan OW, Sribanditmongkol P,
Perera C, Sulasmi Y, Van Alphen
D (2006): Sondorp E. Mass fatality
management following the South
Asian tsunami disaster: case studies
in Thailand, Indonesia and Sri
Lanka. PL0S Medicine. 2006;
3(6):e195.

Mukaida M, Kimura H, Takada
(2000): Y, Masuda T, Nakata Y.
The personal identification of many
samples recovered from under the
sea. Forensic Science International,
2000; 113 (1-3):79-85.

Nagy ZT. (2010): A hands-on overview
of tissue preservation methods for
molecular genetic analyses.
Organisms Diversity & Evolution.
2010;10 (1): 91105

National Association of Medical
Examiners (2005): Mass fatality
plan,
http://www.dmort.org/FilesforDownl
oad/NAMEMFIplan.pdf.  Accessed
August 2013.

Penna TCV, Mazzola PG, Martins
AMS (2001): The efficacy of
chemical agents in cleaning and
disinfection programs. BioMedical
Central Infectious Diseases.
2001;1:1-16.

Prinz M, Carracedo A, Mayr WR,
Morling N, Parsons TJ, Sajantila
A, Scheithauer R, Schmitter H,
Schneider PM. (2007):
International Society for Forensic
Genetics DNA Commission of the
International Society for Forensic

systems.

Genetics (ISFG): recommendations

regarding the role of forensic
genetics  for  disaster  victim
identification  (DVI). Forensic

Science International  Genetics.
2007;1(1):3-12.

Seutin G, White BN, Boag PT. (1991):
Preservation of avian blood and
tissue samples for DNA analyses.
Canadian Journal of Zoology.
1991;69(1):82-90.

Shahzad, MS, Bulbul O, Filoglu G,
Cengiz M, Cengiz S. (2009): Effect
of blood stained soils and time
period on DNA and allele drop out
using Promega 16 Powerplex® Kkit.
Forensic ~ Science International:
Genetics Supplement Series, 2009.
2(1): 161-162.

Srinivasan M, Sedmak D, Jewell S.
(2002): Effect of fixatives and tissue
processing on the content and
integrity of nucleic acids. American
Journal of Pathology.
2002;161(6):1961-1971.

Straube D, Juen A. (2013): Storage and
shipping of tissue samples for DNA
analyses:A case study on
earthworms. European Journal of
Soil Biology. 2013; 57:13-18.

Sweet OC. (2010): INTERPOL DVI
best-practice standards—An
overview. Forensic  Science
International. 2010; 201(1-3):18-21.

Tsokos M, Lessig R, Grundmann C,
Benthaus S, Peschel O. (2006):

Experiences in tsunami victim
identification. International Journal
of Legal Medicine. 2006;120
(3):185-187

Williams ST. (2007): Safe and legal
shipment of tissues samples: does it
affect DNA quality? Journal of
Molluscan Studies. 2007; 73(4):
416-418.

Egypt J. Forensic Sci. Appli. Toxicol

Vol 16 (1) June 2016


http://www.dmort.org/FilesforDownload/NAMEMFIplan.pdf
http://www.dmort.org/FilesforDownload/NAMEMFIplan.pdf

Ali et al. 191

££'~~)‘d‘ gadlall ‘ ‘
dpaS g belds o 4y i) Cloaall da iy ddlila ABadla 3 g il
Lﬁﬂ@.ﬁﬁﬁ_\';é\g‘gﬂ\ ua=alall
R S F ¥ gana Ll je¥ay Sllae qla jo* e g

ASEIEY) L gl gL e % (ALY 2 pacadl g (8 il udal) i
O o) BUB daala ulal) A4IS

2 Gkl oda aal (Kl aae (§ 3k Cal a1 138 2y ol U Alla bl (i ol el ey
Gl i) dglee 25 S) 5l e (o 55l (rmaladl 138 e Blaadl e a0 Gl (o5 gl (aalall (o
LawiVU sl pranlall 3elS 5 dpS Laiad Al 435k o Jpeand) I Aulall oda Cangdy Lzl
3 ga Ll G A jlie e IR (e Bay Cangdl 13 5 ) S a8 ol i) 8 aadiid i Ay )
S Glo (0220 — o0 Aa 0 5 psmrsall 2518 9670 J ¢ S sila Jise (gl Al Léa
O aadl e 2a0 a3 085 | A yad Al jo (8 4 iy Oae dail (e Galiiual (5551 Gaalal) 50 S
‘_A.AM;)'.AJ\QA‘egj\)laidh‘ﬂﬂ%;\J'AYW}J\BEQ.M\;&?M‘;Q&JPHJAQA
8L dadla lall A alall Canl) CLESIAT Ziad (e sading A8) a5 ag 8 sa MAJ amy gl o ylall o
3l Aa o 8 aalad 4 aad W S0 (Gilid) adal) ol s b A il COlanll (e Ciline Jada 3 05y sl
DS @i aS 250 28 14 ¢7 223 Ak siaall Cliall (o (5553l ranladl z) Al &5 285 (22 20-15) 48_d)
A ill Jaaal) d.\l.m‘jc_m;ui M\JAJ\ Qa.a.aji ﬁ} ?037 BJ\J;;\AJJ‘_QL\L\?J\.LS;&MJJ\
Gssll Gamedall @l el il S dulall sae Jish sl (adall o Llaall caelain)
4 all 50 s A0 (e JS (8 %70 sl (8 4da siaall il S Al jall Jal e gaes 8 paliiol
a8 650 gl 3y ) oIS 548 jall 5 ) e jo (& Ladad) Al S il e (g Lgaly € 0 37 a0
oS (s sl (malall o caldla 8 daadtia) Laial)l Jilus gaen | 2937 dan 8 Ll
A giaall Gl e g il 65 5il) Gaalall jelal Lty (A8 a)) 550 s A o 8 adall) 15Y) 4 il
G55l radlall b Us sade | 0uSi 29 37 5) ja A )3 A A siaall s 9670 sl 5 p s seall 2508 4
Lnind 4aals Al g 8 S sl e o1 Of Al ) Coniial QAT pdiall 5 Calill @) (8 (aliivual)
& psdsall 2,58 2670 J A L bl da )Y Jaai 4 pdl) Elaal) daiily (55530 (aalal)
e0 37 5l m da ) b b e sl s A8 Ol sl 55l paalal) Jadal aaali Jilu
(¢°20-15) 48201 5 ) ya da 53 (b qlad 4ny i

Egypt J. Forensic Sci. Appli. Toxicol Vol 16 (1) June 2016



